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ABSTRACT 
Physicochemical studies of heterobinuclear organometallic complexes have 
received much attention in the past decade due to their intriguing and 
potential applications in catalysis, electrical conductivity, molecular based 
magnets and host-guest chemistry. Bimetallic cores, which exists at the 
active sites of many metalloenzymes and play essential role in biological 
phenomenon, has led to Biogenetic Engineering. The essential criterion for 
synthesizing biomimic analogous compounds is heterobimetallic core with a 
pair of dissimilar metal ions in close proximity. Secondly, the ligand donor 
system should be chemically less toxic with a suitable coordination 
environment. For example phenol-based macrocyclic ligand having salen 
and saladien like metal-binding sites (salen=N,N'-ethylenedisalicylidene-
aminate, saldien=N,N'-l,5(3-azapentylene)disalicylidene forms a series of 
heterodinuclear Ma° Mb° (Ma=Cu, Ni, Co and Mb=Pb, Mn, Fe, Co, Ni, Cu, 
Zn) complexes. This ligand is adopted to synthesize Zn" Pb" complexes for 
modeling heterobimetallic phosphatases. 
Bimetallic assemblies have been explored for molecular based magnets. 
Cryomagnetic susceptibilities measurements indicate ferromagnetic 
interaction between the two metal ions. The catalytic activity of these 
complexes is distinct due to unique structural features and the influence of 
one metal ion on another metal center, which displays an efficient synthetic 
pathway. 
Biologically important ligands, viz. sulphamerazine, sulphathiazole and 
dithiocarbamates were chosen to design N2O2, N2S2 and S4 coordination 
environments and subsequently followed by metallation with transition and 
non-transition metals to yield a series of heterobimetallic complexes. 
A new series of photochemically generated heterobimetallic complexes was 
synthesized using molybdenum hexacarbonyl and metal dithiocarbamate. 
Toxicity experiments, percent mortality, LD50 to Periplaneta Americana, 
fiingicity and photokinetic studies at varying concentrations are the salient 
features of this work. 
Heterobimolecular complexes of the type [M(Sm-Mac)*SnPh3].(€104)2 and 
[M(St-Mac)*SrLPh3].Cl2 were synthesized by condensation reaction of 
triphenyltinchloride with N-(4-amino-N-(4-metyl-2-pyrimidinyl)benzenesul 
fanamide-1,3,6,9,12-pentaazacyclotridecanyl)metal(II) chloride/N-(4-amino-
N-2-thiazolylbenzenesulfanamide-1,3,6,9,12-pentaazacylotridecanyl) metal 
(Il)chioride, where M=Ni", Cu", Mn", Sm=sulphamerazine, St=sulpha-
thiazole, Mac=macrocycle and *=deprotonated. 
They were characterized on the basis of elemental analysis, IR, NMR, EPR, 
UV/visible spectroscopy, magnetic moment and molar conductance 
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measurements. It was inferred from molar conductance data that the 
complexes were ionic in nature. In addition, toxicity of the ligands and 
heterobimetallic complexes have also been investigated. The complexes 
[Cu(St-Mac)].(C104)2 and [Cu(St-Mac)*SnPh3].(C104)2 were found to be 
more toxic than [Cu(Sm-Mac)].Cl2 and [Cu(Sm-Mac)*SnPh3].Cl2 
respectively. 
In another set of experiments, some new derivatives of metal containing 1,8-
dihydro-1,3,6,8,10,13-hexaazacyclotetradecane/l -hydro-1,3,6,9,12-pentaaza 
cyclotridecane tin dithiocarbamates have been prepared by the reaction of 
carbon disulphide and metallated macrocycle in the presence of triphenyl tin 
chloride. All the complexes of the type [M-Mac*'(CS2 SnPh3)].(C104)2, [M-
Mac*'(CS2SnPh3)2].(C104)2 and [M-Mac*"(CS2SnPh3] (€104)2, where 
M=Ni", Cu", Mac*'=deprotonated 1,8-dihydro-1,3,6,8,10,13-hexaazacyclot-
etradecane, Mac*"=deprotonated 1 -hydro-1,3,6,9,12-pentaazacyclotridecane 
and Ph=phenyl have been characterized by elemental analysis, magnetic 
moment, IR, NMR, EPR, UV/vis spectroscopy and molar conductance 
measurements. All the complexes are ionic in nature. On the basis of 
spectral studies, it has been concluded that metal ion in the macrocycle is 
four coordinated and acquires square planar geometry while the triphenyl tin 
is five coordinated. The toxicity and flmgitoxicity of these complexes have 
ni 
also been done on insects and fungi. Tlie % mortality in terms of LD50 has 
been evaluated. It has been observed that derivatives of 1:2 molar ratio are 
more toxic than 1:1.molar ratio. They also act as growth inhibitor in the case 
of common fungi. 
A reaction of bissalicylideneethylenediimine with hexa/octadecylamine 
triphenyltin dithiocarbamate in the presence of metal(II)/(III) chloride in 
THF solvent yield a new long chain heterobimolecular complexes of the 
type [M(SB)*Hda-dtcSnPh3]/[M(SB)*Oda-dtcSnPh3]/[M'(SBClTHF)*Hda-
dtcSnPh3]/[M'(SBClTHF)*Oda-dtcSnPh3], where M=Ni°, Cu" and Mn", 
M'=Cr"' , (SB)*=deprotonated Schiff base, Hda=hexadecylamine, Oda=octa 
decylamine, dtc=dithiocarbamate, Cl=chlorine, THF=tetrahydrofliran and 
Ph=phenyl. All the complexes have been characterized by C, H, N elemental 
analysis, IR, NMR( 'H, '^C, "'Sn), EPR, UV/vis spectroscopy, magnetic 
susceptibility and molar conductance measurements. On the basis of 
analytical data, spectral studies and molar conductance measurements, it has 
been observed that chemistry of Cr'" Schiff base and their heterobimolecular 
complexes is different from Ni", Cu" or Mn" Schiff bases and their 
heterobimolecular complexes. Ni", Cu" and Mn" complexes were found to 
be square planar while Cr^ " shows octahedral geometry. On the basis of 
molar conductance measurements, it was concluded that bimolecular 
IV 
complexes are covalent in nature. Toxic beliaviour of tiie complexes have 
also been checked. The LD50 values for cockroaches (Periplaneta 
Americana) have been calculated. Nickel containing complexes were found 
to be more toxic than copper containing complexes. 
Photochemistry has been used to generate a number of heterobimetallic 
complexes containing CS2 bridging groups. Broad-band UV photolysis of 
dimethylformamide (DMF) solutions of [Mo(CO)6] with [M(Hda-
dtc)2]/[M(Oda-dtc)2], where M=Ni", Cu" and Co° was carried out which 
leads to the formation of the bimetallic complexes [M(Hda-
dtc)2Mo(CO)4]/[M(Oda-dtc)2Mo(CO)4] in 1:1 ratio. Metallated dithiocarba-
mates and their heterobimetallic complexes have been characterized by 
elemental analysis, magnetic moment, molar conductance measurements, IR, 
NMR( 'H, '^C), UV/vis and EPR spectroscopy. On the basis of spectro 
chemical data, it has been concluded that the reactivity of molybdenum 
carbonyl is concentration dependent and the product yield depends on photo 
irradiation. Good yield of the heterobimetallic complexes was obtained 
suggesting marked improvement in synthetic strategy. The molar 
conductance values show that all the complexes are covalent in nature. 
Spectroscopic analysis reveals that the transition metal ions are four 
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coordinated and acquire square planar geometry while molybdenum has 
retained the coordination number six by substitution of two carbonyl groups. 
Kinetic experiments were performed at 35±01° C under pseudo-first order 
conditions ([Ni(Hda-dtc)2]>[Mo(CO)6]) by monitoring the absorbance at 327 
nm, A,max for metal dithiocarbamate on a 119-systronic spectrophotometer. 
The spectra of metal dithiocarbamate were recorded spectrophotometrically 
by photoirradiation on different concentrations of metal dithiocarbamate and 
fixed concentration of molybdenum carbonyl. The first order plot of log 
absorbance verses time was linear up to 80% completion of reaction. The 
rate constant (Kobs) clearly indicates the first order kinetics with respect to 
metal dithiocarbamate. 
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ABSTRACT 
ABSTRACT 
Physicochemical studies of heterobinuclear organometallic complexes have 
received much attention in the past decade due to their intriguing and 
potential applications in catalysis, electrical conductivity, molecular based 
magnets and host-guest chemistry. Bimetallic cores, which exists at the 
active sites of many metalloenzymes and play essential role in biological 
phenomenon, has led to Biogenetic Engineering. The essential criterion for 
synthesizing biomimic analogous compounds is heterobimetallic core with a 
pair of dissimilar metal ions in close proximity. Secondly, the ligand donor 
system should be chemically less toxic with a suitable coordination 
environment. For example phenol-based macrocyclic ligand having salen 
and saladien like metal-binding sites (salen=N,N'-ethylenedisalicylidene-
aminate, saldien=N,N'-l,5(3-azapentylene)disalicylidene forms a series of 
heterodinuclear Ma° Mb° (Ma=Cu, Ni, Co and Mb=Pb, Mn, Fe, Co, Ni, Cu, 
Zn) complexes. This ligand is adopted to synthesize Zn" Pb° complexes for 
modeling heterobimetallic phosphatases. 
Bimetallic assemblies have been explored for molecular based magnets. 
Ciyomagnetic susceptibilities measurements indicate ferromagnetic 
interaction between the two metal ions. The catalytic activity of these 
complexes is distinct due to unique structural features and the influence of 
one metal ion on another metal center, which displays an efficient synthetic 
pathway. 
Biologically important ligands, viz. sulphamerazine, sulphathiazole and 
dithiocarbamates were chosen to design N2O2, N2S2 and S4 coordination 
environments and subsequently followed by metallation with transition and 
non-transition metals to yield a series of heterobimetallic complexes, 
A new series of photochemically generated heterobimetallic complexes was 
synthesized using molybdenum hexacarbonyl and metal dithiocarbamate. 
Toxicity experiments, percent mortality, LD50 to Periplaneta Americana, 
fimgicity and photokinetic studies at varying concentrations are the salient 
features of this work. 
Heterobimolecular complexes of the type [M(Sm-Mac)*SnPh3].(C104)2 and 
[M(St-Mac)*SnPh3].Cl2 were synthesized by condensation reaction of 
triphenyltinchloride with N-(4-amino-N-(4-metyl-2-pyrimidinyl)benzenesul 
fanamide-1,3,6,9,12-pentaazacyclotridecanyl)metal(II) chloride/N-(4-amino-
N-2-thiazolylbenzenesulfanamide-1,3,6,9,12-pentaazacylotridecanyl) metal 
(Il)chloride, where M=Ni", Cu", Mn°, Sm=sulphamerazine, St=sulpha-
thiazole, Mac=macrocycle and *=deprotonated. 
They were characterized on the basis of elemental analysis, IR, NMR, EPR, 
UV/visible spectroscopy, magnetic moment and molar conductance 
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measurements. It was inferred from molar conductance data that the 
complexes were ionic in nature. In addition, toxicity of the ligands and 
heterobimetallic complexes have also been investigated. The complexes 
[Cu(St-Mac)].(C104)2 and [Cu(St-Mac)*SnPh3].(C104)2 were found to be 
more toxic than [Cu(Sm-Mac)].Cl2 and [Cu(Sm-Mac)*SnPh3].Cl2 
respectively. 
In another set of experiments, some new derivatives of metal containing 1,8-
dihydro-1,3,6,8,10,13-hexaazacyclotetradecane/l -hydro-1,3,6,9,12-pentaaza 
cyclotridecane tin dithiocarbamates have been prepared by the reaction of 
carbon disulphide and metallated macrocycle in the presence of triphenyl tin 
chloride. All the complexes of the type [M-Mac*'(CS2 SnPh3)].(C104)2, [M-
Mac*'(CS2SnPh3)2].(C104)2 and [M-Mac*"(CS2SnPh3] (€104)2, where 
M=Ni°, Cu", Mac*'=deprotonated 1,8-dihydro-1,3,6,8,10,13-hexaazacyclot-
etradecane, Mac*"=deprotonated 1 -hydro-1,3,6,9,12-pentaazacyclotridecane 
and Ph=phenyl have been characterized by elemental analysis, magnetic 
moment, IR, NMR, EPR, UV/vis spectroscopy and molar conductance 
measurements. All the complexes are ionic in nature. On the basis of 
spectral studies, it has been concluded that metal ion in the macrocycle is 
four coordinated and acquires square planar geometry while the triphenyl tin 
is five coordinated. The toxicity and fimgitoxicity of these complexes have 
in 
also been done on insects and fungi. The % mortality in terms of LD50 has 
been evaluated. It has been observed that derivatives of 1:2 molar ratio are 
more toxic than 1:1.molar ratio. They also act as growth inhibitor in the case 
of common fungi. 
A reaction of bissalicylideneethylenediimine with hexa/octadecylamine 
triphenyltin dithiocarbamate in the presence of metal(II)/(III) chloride in 
THF solvent yield a new long chain heterobimolecular complexes of the 
type [M(SB)*Hda-dtcSnPh3]/[M(SB)*Oda-dtcSnPh3]/[M'(SBClTHF)*Hda-
dtcSnPh3]/[M'(SBClTHF)*Oda-dtcSnPh3], where M=Ni°, Cu" and Mn", 
M'=Cr"', (SB)*=deprotonated Schiff base, Hda=hexadecylamine, Oda=octa 
decylamine, dtc=dithiocarbamate, Cl=chlorine, THF=tetrahydrofuran and 
Ph=phenyl. All the complexes have been characterized by C, H, N elemental 
analysis, IR, NMR( 'H , '^C, ''^Sn), EPR, UV/vis spectroscopy, magnetic 
susceptibility and molar conductance measurements. On the basis of 
analytical data, spectral studies and molar conductance measurements, it has 
been observed that chemistry of Cr™ Schiff base and their heterobimolecular 
complexes is different from Ni°, Cu° or Mn° Schiff bases and their 
heterobimolecular complexes. Ni", Cu° and Mn° complexes were found to 
be square planar while Cr'° shows octahedral geometry. On the basis of 
molar conductance measurements, it was concluded that bimolecular 
IV 
complexes are covalent in nature. Toxic behaviour of the complexes have 
also been checked. The LD50 values for cockroaches (Periplaneta 
Americana) have been calculated. Nickel containing complexes were found 
to be more toxic than copper containing complexes. 
Photochemistry has been used to generate a number of heterobimetallic 
complexes containing CS2 bridging groups. Broad-band UV photolysis of 
dimethylformamide (DMF) solutions of [Mo(CO)6] with [M(Hda-
dtc)2]/[M(Oda-dtc)2], where M=Ni°, Cu" and Co° was carried out which 
leads to the formation of the bimetallic complexes [M(Hda-
dtc)2Mo(CO)4]/[M(Oda-dtc)2Mo(CO)4] in 1:1 ratio. Metallated dithiocarba-
mates and their heterobimetalUc complexes have been characterized by 
elemental analysis, magnetic moment, molar conductance measurements, IR, 
NMR( 'H, ^^C), UV/vis and EPR spectroscopy. On the basis of spectro 
chemical data, it has been concluded that the reactivity of molybdenum 
carbonyl is concentration dependent and the product yield depends on photo 
irradiation. Good yield of the heterobimetallic complexes was obtained 
suggesting marked improvement in synthetic strategy. The molar 
conductance values show that all the complexes are covalent in nature. 
Spectroscopic analysis reveals that the transition metal ions are four 
coordinated and acquire square planar geometry while molybdenum has 
retained the coordination number sk by substitution of two carbonyl groups. 
Kinetic experiments were performed at 35±01° C under pseudo-first order 
conditions ([Ni(Hda-dtc)2]>[Mo(CO)6]) by monitoring the absorbance at 327 
nm, A^ ax for metal dithiocarbamate on a 119-systronic spectrophotometer. 
The spectra of metal dithiocarbamate were recorded spectrophotometrically 
by photoirradiation on different concentrations of metal dithiocarbamate and 
fixed concentration of molybdenum carbonyl. The first order plot of log 
absorbance verses time was linear up to 80% completion of reaction. The 
rate constant (Kobs) clearly indicates the first order kinetics with respect to 
metal dithiocarbamate. 
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CHAPTER I 
INTRODUCTION 
INTRODUCTION 
Organometallic chemistry includes a wide spectrum of research vistas/ ' 
Coordination chemistry is much explored area of research of organometallic 
compounds/ '^* '^ Structure elucidation,''^ * bonding '^"^and unique reactivity' ' * 
of these compounds has evoked much interest to the researchers. Homo-
heterobimetallic compounds is a sub-area of research in coordination 
chemistry has been extensively explored in the past decade''"'^* owing to 
their versatile behavior. Two metal atoms tethered together in a bio-organic 
compartmental ligand serve as a specific biomodel mimicing enzymes in 
biological system.^ '^ "^ "* The highly regioselective approach of binuclear 
complexes containing two metal ions has also been a subject of catalytic 
activity^ ^^ ""^ "*^  in a number of symmetric and asymmetric transformation. Two 
metal ions in close proximity in an organic substrate act in concert^ ^^Vare 
cooperatively activated and thus assist a number of reactions for magnetic 
interactions.'^ '^^ '^ ^ 
Examples of dicopper complexes with dicompartraental Schiff base oxime 
ligands are numerous '^"* e.g. homodinuclear complexes of dioxime ligand 2-
hydroxy-5-methylbenzene-l,3-dicarbaldehyde dioxime^'' '^ * and heterodinu-
clear Ni Cu complexes of some related ligands have been studied 
extensively in exchange coupling phenomena*'*''"^ '^ * and have thus fostered the 
emergence of molecular magnetism (?'W()) Kahn et al/'^ '^  have shown the 
variation in magnetic properties of the metal ions with temperature. The 
compound [Gd2(ox)Cu(pba)3]Cu(H2O)5].20H2O where ox=oxalato and 
pba=l ,3-propylene bis(oxamato), was investigated for temperature 
dependence of zero field magnetic susceptibility and results revealed that 
Gd"'-Cu" interaction through oxamato bridge is fen^omagiietic despite the 
large Gd-Cu separations (Fig, 1) 
Cu 
0 0-^ \ : o 0 
Gd 
/ ' 
\ 
N N 
/ \ 
•0 
•0 
\ 
Gd 
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Fig. 1 
The ferromagnetic nature of Gd"'-Cu" interaction has been corroborated by 
Gatteschi et al/'^ '^'^ ^^  and Okawa et al/'''^ ^ who studied Gd"'-Cu° ferromag-
netic interaction in di and tri nuclear species. 
Recently a new molecular-based magnet of tliree dimensional (3-D) cyanide-
bridged bimetallic assembly [{Ni(tn)2}5{Fe^(CN)6}3]n(C104)n2.5nH20 
where tn=trimethylenediamme was synthesized and structurally 
characterized.^ '*^ ^ Since the ferromagnetism itself is a three dimensional 
property/"^ ^^  therefore an effort to obtain 3-D bimetaihc assembhes is worth 
appreciating. 
The macrocycles and their derivatives have been the subject of an immense 
interest to coordination chemists due to their abihty to complex with many 
transition metals/''^ "^ ^^  These macrocyclic complexes have been used in wide 
range of studies from bioinorganic systems^ ^^ ^^  to catalytic systems*-^ '^  and 
also as sensors/"*'^ ^ Nature also prefers macrocyclic derivatives for many 
fundamental biological functions such as photosynthesis and transport of 
oxygen in mammalian and other respiratory systems/^ "^'^ "*^  In macrocyclic 
systems the redox and magnetic exchange properties of metal centers are 
affected by ring size, coordination sites and electronic effects such as 
substituents at the aromatic ring of the ligand/'^ "^^ ^^  
Macrocychc btnucleating ligands having different coordination 
environments have stimulated interest of many researchers to mimic the 
phosphatase fiinction/^ '^^ '^^  These studies aim to provide a functional model 
of heterobimetallic phosphates to demonstrate the use of a pair of dissimilar 
metal ions in phosphate ester hydrolysis.^ '^'^ ''^  The essential criteria for such 
a model system is the use of compartmental ligand where two metal sites are 
not equivalent. For example the phenol-based macrocycle having salen=N, 
N' ethylenedisalicylideneaminate, saldien=N, N'-l,5-(3-azapentylene)disali 
cylideneaminate like metal-binding sites''^ '^ ""^ ' and a series of such 
heterodinuclear Ma" Mb" (Ma=Cu, Ni, Co and Mb=Pb, Mn, Fe, Co, Ni, Cu, 
Zn) complexes having N2O2 and N3O2 sites were reported* '^'"'"^ (Fig. 2). 
CH3 
Fig. 2 
A similar macrocyclic binuclear bis(phenQxo) bridged manganese(III) 
complexes with dissimilar coordination environments have been prepared 
and characterized by Kandaswamy et al/''^ The macrocyclic ligand have two 
different compartments, one has two unsaturated nitrogen and other two 
saturated nitrogen donor atoms. The two phenoxide oxygens are common to 
both manganese(III) ions. The redox behavior of these phenoxo bridged 
manganese(lll) ions in macrocyclic ligand environment with respect to ring 
size and variation of substituents was studied (Fig. 3). 
Q 
N OH Nv 
IR' 
N OH N / 
Fig. 3 
The Schiff base condensation reaction of the aldehyde group of Ni(pftp) 
where pftp=[N,N-Propane-1,3-diyI(6-fon'nyl-4-meth3''l-2-methyliminatoth2o 
phenalato)] with the amine groups of two 2-(2-aminoethyl)pyridine yielded a 
macrocycHc complex Ni(peptp) where Ni(peptp)=[N,N-Propane-l,3-diyl(6-
(N(2-ethylpyridyl)iininomethyl)-4-methyl-2-methyliminatothiophenolato)] 
Nickel(II). This macrocyclic complex was further complexed with a second 
metal ion to give the thiolate-bridged heterodinuclear complex 
[(peptp)NiM]."* ^^"^^ The thiolate bridged heterodinuclear complexes are 
biologically significant as models of hydrogenase active sites^ '^'^  (Fig. 4). 
( b ) 
Fig. 4 The dimiclear complex of (a) an acyclic system and (b) a compartmental macrocyclic 
ligand, obtained by the Schiff base condensation with appropriate amine-containing 
moieties(X) 
There is scarcity of literature concerning the macrocycles containing the 
sulfoxide ftmctions. Several polysulfmyl macrocycle have proved excellent 
phase transfer catalysts*^ "*^  and these macrocycles can complex with selected 
alkali metal ions/^^^ The bonding mode of such ligands depends solely on 
stereoelectronic environment of the metal center. Leung et a\} *'' have 
synthesized a macrocycle hgand PhP(CH2CH2SCH2CH2CH2)2SO from the 
reaction between bis(3-chloropropyl)siilfoxide and bis(2-mercaptoethyl) 
phenylphosphine in presence of caesium carbonate. Wlien treated with 
[MCl2(CH3CN)2] (where M=Pd, Ft) the sulfinyl substituted macrocycle 
ftmctions as a bidentate ligand via its phosphorus and one of thioether sulflir 
donor atoms. In these complexes the sulfoxide group is not involved in metal 
complexation. 
Kinetic studies in slightly acidic solutions of macrocyclic complexes 
especially where there is successive incorporation of two metal ions has 
thoroughly been studied.^ ^ '^ Reaction of the macrocyle 3,6,9,17,20,23-
hexaazatricyclo[23.3.1.1]triaconta-l(29),ll(30),12,14,25,27-hexane with 
Cu" in borate-mannitol buffers at pH close to 5 occuued with two 
kinetically separated steps that correspond to the formation of mono-and bi-
nuclear complexes. The experiments were carried out under pseudo-first 
order conditions using [Cu]o=4.0xl0'^'nol dm""^  and excess ligand. These 
reactions ascertain the rate of coordination of second metal ion occurs at a 
similar rate to that of the first one. Complex fomiation occurs essentially 
through those path^vays that minimize electrostatic interaction between the 
reagents and all the rearrangement steps required for complex fomiation are 
rapid (Fig. 5). 
i — I — I I I 1 I 
0.1 0.3 0.5 0.7 0 .9 
10^ l^ /mo l dm'^ 10^ [Cu] Q/ mol dm' 
F ig . 5 Plots of observed rate constant for the formation of mononuclear and binuclear copper(II) 
complexes witli macrocycle L at 25" C in borate mannitol buffers at different pH values 
In another set of experiments, the kinetics of a series of iron(II) cyclidene 
complexes has been measured by stopped flow spectrophotometry.^ ^*^^A 
linear correlation between the logarithm of the rate constant and the iron 
(III), (II) redox potential indicates that these reactions behave as simple 
outer-sphere electron transfer processes. ' 
Recently two kinetic studies of reactions of various thiolate ions with a 
number of Fisher Carbene complexes were carried out.^ '^*^ ''^  These 
investigations have provided numerous insights into the structure-reactivity 
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relationships of these reactions. Bemasconi et al/^ ^^ ^ repoiled a kmetic study 
of the reversible fonnation of cychc adducts by the intramolecular 
nucleophihc reaction. The objective of these reactions is to detennme the 
vanous rate constants in the scheme (Scheme 1) in order to gam ftirther 
insight mto structure-reactivity relations of nucleophiles at Carbene carbon 
of Fisher Carbene complexes. 
XCH2CH2OH . XCH2CH2O" - _ _ ^ 
Ph Ph ^ Ph 
K2 
8 - C r 0 0 H ( M = Cr.X = 0 ) 
8 -WOOH {M= W, X = 0) 
8 - C r S O H (M=Cr ,X = S) 
a -WSOH (M= W. X = S) 
K-2aH ' 
8-CrOO-
8-WOO" 
8 -CrS0~ 
8 - WSO~ 
9 - CrOO 
9 - WOO" 
9- CrSO 
9 - WSO" 
Scheme I 
The interaction of heteroallene molecules such as carbonyl sulfide (COS), 
carbon disulfide (CS2) and carbon dioxide (CO2) with transition metals has 
became an area of increased research interest^ '" '^''^  as the heteroallene 
molecules are capable of diverse transfonnations such as insertion 
dimensation and disproportionation.^''' The CS2 moiety does not remam 
intact in various coordination modes^ *^ ^^  and it fonns carbides, sulfides CS, 
C2S2, CS3 and C2S4 groups. Photochemistry offers a simple and selective 
route to synthesize such compounds where there are large energy 
barriers/^ '^^ ^^ As a consequence, we are capable of preparing these 
complexes which are otherwise inaccessible by conventional 
thermochemjcal routes. 
Leadbeater et al.^ '^ "^  developed a new route of synthesis of heterobimetallic 
complexes via photochemical generation. Irradiation on a tetrahydrofuran 
(thf) solution of [Fe(CO)3(PR3)2] (R=Et or Ph) with CS2 leads to the n^-CSj 
coordinated complex [Fe(CO)2(PR3)2(Tl^ -CS2)]. 
[Fe(CO)3(PR02] - ^ -^Fe(CO)2(PR3)2(ri'-CS2)J 
This reaction is an improvement on the conventional route of synthesizing 
the CS2 complexes which was earlier done by refluxing [Fe2(CO)4] and 
tertiary phosphine in CS2 as the sol vent. ^ '^ ''^ "^  The ri^ -CS2 coordinated 
complexes are stable in solution for extended periods. In addition, the 
complexes are stable to displacement of CS2 by phosphines which is in 
contrast to that of [Fe(CO)4(r|^ -C2H4)]^ in which the alkene moiety is readily 
substituted. Thus photoirradiation has been used to generate a number of 
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heterobimetalic complexes containing Ti+aCSi bridging groups (especially 
where the CS2 group remains intact). 
The metal complexes of molybdenum play key role in biological 
phenomenon and are also used in catalytic transfomiations. For example, the 
enzyme xanthine oxidase contains two atoms of molybdenum, four FciSi 
and two FAD moities^ '^ '^  (FAD=Flavin adenine dinucleotide) 
(Mo/2Fe2S2/FAD). This enzyme catalyzes the oxidation of xanthine to uric 
acid and the electron flow may be represented as : 
Xanthine > Mo > 2Fe2S2 > FAD > O2 
Model compounds of metalloenzymes, e.g. molybdenum oxidoreductase 
was chosen to study the biomimetic reactions.^ '^ '*''^ *'-' In these molecules there 
is change in oxidation between Mo(VI) and Mo(IV) states and the metal 
center is surrounded by a number of tliiolate ligands. Nakamura et al.^ '^ ^^  
studied the reactivity of dithiolene dioxomolybdenum(VI) complexes, two 
systems were under study: 
(1) Chelate recognition with a diamide additive, l,3-bis(isobutyrylamino) 
benzene. 
(2) A dithiolene complex with four amido substituents, (n-Pr4N)2[Mo '^^ 0 
{S2C2(CONH2)2].0.5(i-PrOH).DMF, (S2C2(CONH2)2=l,2-dicarbamo-
ylethylene-1,2-dithiolate. 
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Both amide compounds were designed to fonn NH...S and NH...0 
hydrogen bonding with thiolate hgands in (Mo^'02)''^ and (Mo' O) ^  
complexes (Fig. 6). Actually, the presence or NH...S hydrogen bonds has 
been found at most of the active centers of electron transfer proteins, such as 
iron-sulfur proteins^ '^ *^ '^ '^ ^ and blue copper proteins'"'"^ in which the NH...S 
hydrogen bonding regulates the metal-thiolate bonding/""'"'" '^* 
4.2 A 
(l-PrC0NH)^C6H4(1) 
3.5A R 
R= COOMe (3) R = COOMe (8) 
= CN (4) =CN (6) 
= C0NH2 (1) =C0NH2 (13) 
Fig . 6 Structural diagrams of multiamide additive and dithiolene complexes 
Organotin IV chelates with nitrogen,oxygen and sulphur donor ligands have 
received much attention mainly due to the fact that these complexes can be 
promoted as cancer therapeutic agents '^" '^"'^ ^ (clinical trials have shown 
promising results). Observation on structure activity relationship of the 
complexes has led to propose that in tin compounds the activity is related to 
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Sn-N bond length^ '^ ^^ ^ unlike platinum compounds. Organotin compounds 
exhibit little toxicity at low dosage except for alkyl tin compounds,^ '^ '^^ ""^ 
Organotin compounds have also been explored as pesticides/'''"^^ As early 
as 1950, studies were initiated by 1.T.R.I, on organotins for use as pesticides, 
for example Fentin acetate is a useful fungicide against such diseases as 
potato blight, leaf spot diseases of beets, celery and sugar beet. It can also 
act as rodent repellent and thus have wide applications in agriculture. Some 
of the organotin compounds used as pesticides are listed in Fig. 7. The use of 
organotin pesticides is also attractive from the environmental point of view 
as they have low phytotoxicity and are relatively hannless to mammals. 
Some 2,2-disubstituted thiazolidin-4-one complexes of type (RC3H2 
NS0C1)2M or (R'R"C3H2NS0C1)2M where R-cyclopentanone R'R"=2,2 
methyl, propyl, 2,2-diethyl group and M^Si'" ,^ Ge''^,Sn'^,Ti'^ and Zr'"^  have 
been synthesized and characterized by various physicochemical methods, 
NMR, IR spectroscopy, conductance measurement and molecular weight 
determination in our laboratory. '^'^ "'^ ^^ The toxicity of the hgands and their 
complexes was investigated against insects and fiingi to evaluate insecticidal 
and fungicidal activities, experiments were done on cockroaches 
(Periplanata americana) and fungi (Aspergillus niger, Aspergillus flavus and 
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Altemaria pon). It v^as observed that the toxicity of thiazohdin-4-one and 
dithiocarbamate is enhanced on chelation. 
-•3 
Fentin acetate (Breston) 
(Hoechst) 
mp 118-120" 
l -D5Q(rqts)125mg/kg 
( 1 ) 
( H V-SnOH 
Cyhexat in (p i i c t ran) 
(Dow) 
mp ^ 9 5 - 198° 
LD5Q{rats)540nng/kg 
LD^^(bees ) 32 Jjg/bee 
( 3 : 
r\ SnOH 
Fentin hydroxide (Du-Tar) 
(Philips Duphar) 
mp 1 1 6 - 1 2 0 " 
LD5o(rats) 108mg/kg 
( 2 ) 
O^C-CHgjSn 
' ^^3 /3 J 
Fenbutctin Oxide (Vendex) 
( S e l l ) 
mp 1 3 6 - 1 3 9 ° 
LD5Q(rats)2,630 mg/kg 
LDg^(bees) 100 ,ug/bee 
( 4 ) 
J3 ^ N = 
Azocyclotin (Peropal) 
( Bayer) 
mp 218 .8° 
L D5o( ra ts) 6 31 mg / kg 
( 5 ) 
Fig. 7 Organotin compounds used as pesticides. 
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In an another attempt*'^ '^ '^ condensation product of 3-acetoacety 1-7-methyl 
pyrano[4,3-b] pyrai-2,5 dione with Bis(l,3-diaminopropane) copper(II) 
cliloride and Group(IV) and (XIV) metal tetrachlorides yielded chelates of 
p-diketone. Toxicity experiments revealed that the complexes were better 
growth inhibitors than the free p-diketone. 
Present Work 
Novel heterobimetallic complexes of the type [M(Sm-Mac) SnPh3](C104)2 
and [M(St-Mac)*SnPh3]Cl2 where M=Mn", Ni", Cu" , Sm=sulphamerazine 
St=sulpathiazole, and Ph=Phenyl, were synthesized by the condensation 
reaction of sulpha drug (sulphamerazine/sulphathiazole), triethylene 
tetraamine and formaldehyde in presence of metal ions. The reaction 
products were isolated and fiirther treated with triphenyltinchloride. All the 
complexes were characterized by elemental analysis, IR, NMR, EPR, UV-
visible spectroscopy, magnetic moment and molar conductance 
measurements. The toxicity against cockroaches (Periplaneta americana) 
was evaluated by standard methods.*''^^ 
Some new derivatives of metal containing l,8-dihydro-l,3,6,8,10,13-
hexaazacyclotetradecane/l-hydro-l,3,6,9,12-pentaazacyclotridecane have 
been prepared by the reaction of carbon disulfide and metallated macrocycle 
in presence of triphenyltinchloride. All the complexes of the type [M-Mac*' 
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(CSiSnPh.,)] (C104)2, [M-Mac*'(CS2SnPh3)2] (€104)2 and [M-Mac*"(CS2Sn 
Ph3)] (C104)2where M=Cu"/Ni", Mac*'=deprotonated 1,8-dihydro-1,3,6,8, 
10,13-hexaazacyclotetradecane, Mac*"=deprotonated 1-hydro-1,3,6,9,12-
pentaazacyclotridecane and Ph=phenyl have been characterized by elemental 
analysis, magnetic moment, IR, NMR, EPR, UV/vis spectroscopy and molar 
conductance measurements. All the complexes are ionic in nature. On the 
basis of spectral studies it has been concluded that metal ions in the 
macrocycles are four coordinated and acquire square planar geometr}' while 
triphenyl tin is five coordinated. The toxicological studies of these 
compounds have also been done on insects and the LD50 value have been 
calculated. It has been observed that derivatives of 1:2 ratio are more toxic 
than 1:1. 
In another set of experiment, new bimolecular complexes have been 
synthesized by the reaction of metallated bis salicylidene ethylene diimine 
with hexa/octa decyl amine tri phenyl tin dithiocarbamate in tetrahydrofuran. 
All the complexes have been characterized by various physico-chemical 
methods. Toxicity experiments, percent mortality and LD50 to Periplaneta 
americana at different concentrations were done. 
Novel heterobimetallic complexes of the type [M(Hda-dtc)2Mo(CO)4] and 
[M(Oda-dtc)2Mo(CO)4] where M=Ni", Cu" and Co^ were synthesized by 
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photoirradiation. Broad band UV photolysis of a DMF solution of 
molybdenum hexacarbonyl and metal dithiocarbamate [M(Hda-
dtc)]/[M(oda-dtc)2] resulted in the formation of heterobimetallic 
dithiocarbamate complexes according to following equations. 
[M(Hda-dtc)2]+Mo(CO)63^^-^[M(Hda-dtc)2Mo(CO)4] 
[M(Oda-dtc)2]+Mo(CO)6-^^->lM(Oda-dtc)2Mo(CO)4j 
M=Ni^ , Cu ,^ Co '^, Hda-dtc=hexadecylamine dithiocarbamate Oda-dtc=octa-
decylamine dithiocarbamate 
These complexes were characterized by elemental analysis, IR, NMR, 
UV/visible spectroscopic data, magnetic moment and molar conductance 
measurements. The objectives of these experiments were to prepare stable 
CS2 coordinated complexes. The dithiocarbamate products were formed in 
high yield suggesting marked improvement in synthetic strategy. 
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CHAPTER II 
EXPERIMENTAL 
EXPERIMENTAL METHODS 
The following techniques were employed to characterize the complexes 
1. Infrared spectroscopy 
2. Ultra-violet and visible spectroscopy 
3. Nuclear magnetic resonance spectroscopy 
4. Electron paramagnetic resonance 
5. Molar conductance measurements 
6. Magnetic susceptibility measurements 
Infrared Spectroscopy 
The infrared spectroscopy is a usefiil technique to characterize a compound. 
It results from transition between vibrational and rotational energy levels. IR 
region of the electromagnetic spectmm covers a wide range of wavelength 
from 200 to 4000 cm"'. It has been found that in IR absorption some of the 
vibrational frequencies are associated with specific groups of atoms and are 
the same irrespective of the molecule in which this group is present. These 
are called characteristic frequencies^ ^ '^ '' and their constancy results from the 
constancy of bond force constants from molecule to molecule. The important 
observation that the IR spectrum of a complex molecule consists of 
characteristic group frequencies makes IR spectroscopy an unique and 
powerfril tool in structural analysis. 
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Ultra-Violet and Visible Spectroscopy 
When a molecule absorbs radiation its energy is increased. This increased 
energy is equal to the energy of the photon expressed by the relation 
E=hv 
=hc/?i 
Where h is Planck's constant, v and X are the frequency and wavelength of 
the radiation respectively and c is the velocity of light. Most of the 
compounds absorb light somewhere in the spectral region between 200 and 
1000 nm. These transitions correspond to the excitation of electrons of the 
molecules from ground state to higher electronic states. In a transition metal 
all the five 'd' orbitals viz, dxy, dyz, dxz, dz^ and dx -^y^ are degenerate. 
However, in coordination compounds due to the presence of ligands, this 
degeneracy is lifted and d orbitals split into two groups tig (dxy, dyz and 
7 7 7 
dxz) and e.g. (dz and dx -y ) in an octahedral complex and t and e in a 
tetrahedral complex. The set of tig orbitals goes below the original level of 
degenerate orbitals in octaliedral complexes and the case is reversed in 
tetrahedral complexes. 
Sometime due to transfer of charge from ligand to metal or metal to ligand, 
bands appear in the ultra-violet region of the spectrum, such spectra are 
known as charge transfer spectra or redox spectra. 
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Nuclear Magnetic Resonance 
The nuclei of certain isotopes possess a mechanical spin or angular 
momentum. The NMR spectroscopy is concerned with nuclei having spin 
quantum number 1=1/2 examples of which include ' H , ^ 'P and ' ^ F / ' '^^ 
For a nucleus with 1=1/2 there are two values for nuclear spin angular 
momentum quantum number m=+l/2 which are degenerate in the absence of 
a magnetic field. In presence of magnetic field, however, this degeneracy is 
destroyed such that the positive value of m corresponds to the lower energy 
state and negative value to higher energy state separated by AE. 
In an NMR experiment, one applies strong homogenous magnetic field 
causing the nuclei to precess. Radiation of energy comparable to AE is then 
imposed with radio frequency transmitter is equal to precision or Larmor 
frequency and the two are said to be in resonance. The energy can be 
transferred to and from the source and the sample and NMR signal is 
obtained when a nucleus is excited from low energy to high-energy state. 
Conductance Measurements 
The conductivity measurement is one of the simplest and easily available 
technique used to study the nature of complexes. It gives direct infomiation 
regarding whether a given compound is ionic or covalent. For this purpose 
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the measurement of molar conductance (-Am) that is related to the 
conductance value m the following manner is made 
. cell constant x conductance 
-Am= :j 
concentration of solute expressed in mole cm 
conventionally solutions of 10'"^ M strength are used for the conductance 
measurement. Molar conductance values of different types of electrolytes in 
a few solvents are given below; A 1:1 electrolyte may have a value of 75-95 
ohm"' cm^ mol'^  in nitromethane, 50-75 ohm"' cm^ mol"' in dimethylforma-
jj^ -^ g(i2o.i22) ^ ^ 100-160 ohm"' cm^ mol"' in methyl cyanide. Similarly a 
1 *) 1 
solution of 2:1 electrolyte may have a value of 150-180 ohm" cm mol" in 
1 0 1 
nitromethane, 130-170 ohm" cm mol" in dimethylformamide and 140-220 
1 9 1 
ohm" cm mol" in methyl cyanide. 
EPR 
Since a paramagnetic ion has a magnetic moment its ground state is 
degenerate. If this ion is placed in a static magnetic field the degeneracy is 
lifted because of the Zeeman splitting of the levels. The EPR spectmm 
results due to the transition between these energy levels^ '^ "^'^ ^^ by absorbing 
radiation of microwave frequency. If the static magnetic field is slowly 
varied, the absorption shows a series of maxima. The plot between the 
absorbed energy and the magnetic field is called the Electron Paramagnetic 
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Resonance spectrum and the phenomenon is known as the Electron 
Paramagnetic Resonance^ '^ ^^  (EPR). When a free ion with a resultant angular 
momentum (J) is subjected to a static magnetic field (H) then it has (2J+1) 
energy levels and the energies of the various levels are given by 
Emj=gPHMj 
Where Mj=(J, J-1, O -J), g is the spectroscopic splitting factor 
and P is Bohr magneton. For the case, if S=l/2, 1=0 and J=l/2, then 
multiplicity (2J+1)=.? or Mj=±l/2. Now if an external magnetic field (H) is 
applied on this system, the low energy state will have the spin magnetic 
moment ahgned with the field, and the high energy state will have the spin 
magnetic moment aligned opposite to the magnetic field. The energy of the 
levels is proportional to the magnetic field strength i.e., E±l/2=±l/2gPH. If 
an alternating magnetic field of frequency (v) is applied at right angle to the 
direction of the magnetic field then transitions occur between Zeeman levels 
I.e. 
E+i/2-E.i/2=hv=gpH 
This is called the resonance condition where h is Planck's constant, p is the 
Bohr magneton and the value of p is given by 
= 0.9723x10-^^ erg/gauss 
47rmc 
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g is the proportionality factor, which is the function of the electron's 
environment. It is also called the spectroscopic splitting factor or Lande's 
splitting factor. For multi-electronic ions, the g-factor can have values 
distinct from ge (free electron g-value). Fig. 8 shows the splitting of a 
degenerated electronic level (Mj=±l/2) in a magnetic field. Selection mles 
for electronic dipolar transitions AMj=±l hold good. For technical reasons, 
the resonance absorption is generally observed when magnetic field (H) is 
varied keeping the frequency (v) fixed. 
Magnetic Moment 
When a substance is placed in an inhomogeneous magnetic field it is either 
attracted towards the strong part of the field or repelled towards the weaker 
part. If it is attracted by the field, it is said to be paramagnetic, if repelled it 
is said to be diamagnetic. The force F with which a diamagnetic substance is 
repelled when placed in a field of strength H and gradient dH/dX is 
determined by 
F = V H ^ dX 
Where X is called magnetic susceptibility and V is the volume of the 
substance. The magnetic susceptibility is a measure of the change in the 
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Fig . 8 Energy levels for s=l/2 (free electron ) in a magnetic field and die resonance condition 
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magnetic moment' \x' of the atoms cause by applied field. It is determined by 
the Langevin's equation 
6mc 
Where No is Avagadro's number, r is the average radius of the orbits of the 
electrons. 
Paramagnetic susceptibility is inversely proportional to the absolute 
temperature 
Where C is the Curie constant and is characteristic nf the material. 
The relationship between jieff and magnetic susceptibility is given below 
)iieff=2.34(XA/T)'^ ^ 
Where T is absolute temperature, XA is the molar susceptibility corrected for 
diamagnetic effects and jueff is the magnetic moment of the compounds in 
units of Bohr magnetons. Magnetic susceptibility measurements are mostly 
made with Gouy method.^ '^ ^^  
Gouy's Method 
If a uniform rod of material is suspended (Fig. 9) with the lower end in a 
uniform magnetic field of magnitude H and the upper end in a lower field of 
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N 
Fig . 9 Schematic representation of Gouy balance 
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magnitude Ho, the material will be pulled down with a force given by the 
expression 
Force=Awg=l/2 A (k-ko) (rf-Ho^) 
Where Aw is the apparent increase in weight of the sample upon turning on 
the field, g is gravitational constant, A is the cross-sectional area of the 
material, k and ko are volume susceptibilities respectively of the material and 
the displaced medium (usually air). 
Usually ko is negligible compared to k, and if the rod of material extends 
above the pole pieces a distance greater than eight times the pole gap width. 
Ho is negligible compared to H then we write 
^^2Awg 
H^A 
It is necessary to account for the diamagnetism of the sample tube. 
Aw(corrected)=Aw(sample and tube)-Aw(empty tube) 
The Gouy method may be used to determine the susceptibility of either a 
solution or a solid. In case of a solid, the sample should be ground to a fine 
powder to avoid anomalies owing to an isotropy in the crystal and to 
facilitate uniform packing. When gram susceptibility and molar 
susceptibility of a solid sample are calculated, the density used in the 
equation is the bulk density of the powdered material 
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Xsolution=^^Mi!|^p-0.720xlO-^(l-p) 
Where M is the molecular weight of the solute and p is solute's weight 
fraction. 
Faraday Method 
For the determination of the susceptibility of solid samples that are too small 
for the Gouy balance method, the Faraday method can be applied. In this 
method a very small sample, (even one small crystal can suffice) is 
suspended from a sensitive balance in a very non-homogeneous magnetic 
field. The weight is determined with and without the magnetic field, and w is 
corrected for the diamagnetism of the sample container by use of equation. 
Aw(corrected)=Aw(sample and tube)-Aw(empty tube) 
If ko (the volume susceptibility of the displaced medium) is negligible, we 
may write 
v_ Awg 
VH(dH/dX) 
Where V is the volume of the sample and (dH/dX) is the magnetic field 
gradient. Then for gram susceptibility we can write 
_ Awg 
^~wH(dH/dX) 
Where w is the sample weight. 
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Another useful method for measuring magnetic susceptibiUties is the Evan's 
method or NMR method. The shift of the proton resonance hnes of inert 
reference molecules in solution is caused by the presence of dissolved para-
magnetic substances. The magnetic moment of the complexes was 
calculated at room temperature by Evan's method^ '^ ^^  employing the 
expression 
HefP=0.0618(^xl-)^^^ 
f M 
Where f=oscillator frequency expressed in MHz, T=absolute temperature, 
M=molarity of the solution and Af=the difference in frequency between two 
reference signals. 
The magnetic moment for one free electron in the ligand containing Cu^ ^ ion 
has been found to be 1.742 BM which is exactly within the prescribed 
range.^ ^^ ^^  After coordination with group IV metal, the fxeff values goes 
down shghtly which may be ascribed to diamagnetic effect. 
The reduction in the magnetic moment may also occur either due to metal 
interaction but solitary electron and Cu^ ^ ion does not permit such 
interaction or it may occur through bridging group as in super exchange 
phenomenon, ft may also be ascribed to anti ferromagnetism.^ '-^ '^ ^ 
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Toxicity and Probit Analysis 
To investigate the toxicity of the hgands and their complexes in ternis of 
LD50 the graphical method has been used, while the fungi toxicity was 
determined by agar plate method/'' '^  
The toxicity of a substance in terms of probit is determined against the 
stimuli of living organism. VsuaUy the stimulus is applied in a series of 
experimental range and the reaction of each range is determined from its 
appUcation to a set of experiments. 
Varying concentrations of the compound are prepared and sets of insects are 
exposed (or fed) to each concentration level. For each set of insects, count is 
made at the total number of insects (n) and number killed (r). The result can 
be expressed either as a proportion (r/n) or as a percentage 100(r/n). Such 
data may then be applied for probit analysis in assessing the various toxic 
substances and lethal doses. 
Tolerance Limit 
The maximum concentration limit of a chemical at which given sets of 
insects survive is known as tolerance limit. For most of the biological 
preparations the distribution of X is not normal but it is at least 
approximately normal for X=logio. In probit analysis, therefore, the log of 
the concentration is used. It is referred to as the dose in tenns of actual 
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concentration expressed in milligram/litre and the logio concentration is 
referred to as the dosage.^ ^^ ^^  A plot of the percentages killed against dosage 
gives a sigmoid curve. The analysis of resuhs from the sigmoid curve 
presents some rather serious difficulties. The percentage is transformed such 
that with a normal distribution of the transformed percentages would lie in 
straight line. Any variation from the normal curve will cause the plotted 
probits to vary from a straight hne. Generally, the observed variations from a 
straight line are of two types. In the first place the sets of experiments may 
not be all uniform. This will end to produce an abnormal scatter of the points 
about the straight line. In the second place the transformation of the dose to 
dosage may not be suitable. 
Practical Application of Probit Analysis 
Since we expect to get a straight line when probits are plotted against 
dosage, the methods of linear regression are suggested. 
To measure the potency of the preparation it has been found that the dose 
giving a 50% kill is the most statistical and referred to as LD50 (medium 
lethal dose). In experiments where the response is not death we referred to 
the ED50 (mediiun effective dose). Whatever practical advantages there may 
be in knowing the LD90 or some similar value, the fact is that much greater 
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precision can be obtained in the measure of the LD50 which is corresponding 
to aprobit valueof 5. 
Another factor to be measured is the range of the dosage required for a given 
range of percentage kill. This might be referred to as the sensitivity of the 
preparation tested. Obviously, if small changes in concentrations give wide 
range in percentage kill, the sensitivity is high and represented by the slope 
of the line. The greater the slope the narrower the ranges in dosage for a 
given range in the percentage kill. The geometry of the line would seem to 
give, therefore, the required measure of potency and sensitivity. Taking two 
points X] and X2, representing the dosage, on the abscissa of the graph and 
finding the corresponding points Yi and Y2 on the probit scale, will give the 
slope of the line. If b represents the slope, then 
Y.-Y. 
b = __12__1L 
X j - X j 
This makes it possible to set up a regression equation of the type Y=a+bX 
where a=Yi-bXi or Y2-bX2. 
Preparation of Potato-Dextrose-Agar (P.D.A.) as medium was made by 
following method^  ^ '''^  
Peeled potatoes (200g) were boiled in 500ml of water. Extract was mixed 
with 20g agar and 20g glucose in 500 ml of water. The volume was made up 
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to 1000 ml in Erienmeyer flask. The flask was plugged with non-absorbant 
cotton. The medium thus prepared was sterilized for 15 minutes at 15 lbs 
pressure in autoclave. 
Isolation of Fungi 
The vegetables, fruits and slices showing infected areas were removed by 
sterile scalpel and transferred in the sterilized petridishes containing P.D.A. 
The fimgi appearing in the petridishes were isolated in pure culture. The 
inoculums were raised on P.D.A. by transferring myceha from the pure 
culture. The compounds were screened for their anti fungal activity against 
A. flavus and A. niger by agar plate technique at three different 
concenfrations viz. 1%, 1.5%, 2%, Two commercial fimgicides 
Memege and Blitox 50 WP have also been tested under similar conditions to 
compare the results. The number of replications in each case was three. 
The % inhibition in growth of frmgi was calculated by using the following 
formula 
%Inhibition=^^xlOO 
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CHAPTER III 
SYNTHESIS, CHARACTERIZATION AND BIOCIDAL 
ACTIVITY OF HETEROBIMETALLIC 
MACROCYCLIC COMPLEXES 
Materials and Methods 
Sulphamerazine, sulphathiazole (Sigma), triphenyltin chloride (Fluka), 
formaldehyde, methylene tetraamine (BDH) CUCI2.2H2O, NiClz.lHzO, 
MnCl2.2H20, perchloric acid (Merck), methanol, ethanol and diethyl ether 
were used as received. The IR spectra (4000-200 cm"^ ) were recorded on 
Perkin Elnier-621 spectrophotometer in KBr and Nujol. UV/Vis spectra 
were run on Pye UNICAM PU-800 spectrophotometer in DMSO. The NMR 
and EPR spectra were recorded on a Bruker X-500 instrument in DMSOdo 
and Bruker ESP-300 X-band spectrophotometer respectively. The 
conductivity measurements were made in DMSO on an Elico conductivity 
bridge type CM-82 T. Elemental analysis were done on Carlo-Erba analyzer. 
Model 1106-Micro analyzer. Solvents were distilled by conventional 
methods.^ ^^ ^^  Estimation of chloride were done by standard gravimetric 
method^ ^^ ^^  and metals are estimated by using EDTA titration method.^ '''^ ^ 
Toxicity Studies 
Equal numbers of cockroaches were taken in five cages and acclimatized. 
They were allowed to feed on heterobimetallic complexes in different 
concentrations 5-9 ppm (w/w). A control set was also run simultaneously 
and the test insects were kept under observation. The percent mortality was 
recorded after 24 h. The LD50 was calculated in terms of probit. 
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Synthesis of N-[4-amino-N-(4-methyl-2-pyrimidinyl)benzene sulfona-
mide-l,3,6,9,12-pentaazacydotridecanyl manganese(II) perchlorate 
[Mii(Sm-Mac)].(C104)2, (Li) 
A methanolic solution (50 mL) of hydrated manganese(II) chloride (1.97g, 
10 imnol) was added to sulphamerazine (2.64g, 10 mmol) dissolved in 
methanol (50 mL). After stirring vigorously triethylene tetraamine (1.48 mL, 
10 mmol) and formaldehyde (1.08 mL, 20 mmol) was added. The resulting 
mixture was further stirred and refluxed on hot water bath for ca. 72 h. 
Mixture was filtered to remove any insoluble material and excess of 
perchloric acid was added to the filtrate at low temperature. It was kept in 
refrigerator for ca. 24 h. Green coloured crystals formed were filtered off, 
washed with ethanol and dried in vacuum. The pure product was readily 
obtained by fractional re-crystallization of the crude product from methanol. 
Synthesis of N-[4-amino-N-(4-methyl-2-pyrimidinyl)benzene sulfona-
mide-l,3,6,9,12-pentaazacyclotridecanyl nickel(II) perchlorate [Ni(Sm-
Mac)].(C104)2, (L2) 
To a solution of nickel(II) chloride hydrated (4.74g, 20 mmol) in methanol 
(25 mL) was added triethylene tetraamine (2.96 mL, 20 mmol), formaldehy-
de (2.16 mL, 40 mmol) and sulphamerazine (5.28g, 20 mmol) in methanol in 
round bottom flask of (lOOmL) and the solution was stirred on a magnetic 
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stirrer at room temperature (30^ C). The mixture was refluxed for ca. 40 h. 
Solution was filtered to remove insoluble material. To the filtrate excess of 
perchloric acid was added in cold condition. The mixture was kept in 
refiigerator until daik yellow coloured product separates out. It was filtered, 
washed with ethanol and dried in vacuo. 
Synthesis of N-[4-amino-N-(4-methyI-2-pyriinidinyl)benzene sulfona-
inide-l,3,6,9,12-pentaazacyclotridecanyl copper(II) perchlorate [Cu 
(Sm-Mac)].(C104)2. (L3) 
Sulphamerazine (5.28g, 20 mmol) was dissolved in excess of methanol (100 
mL) in a round bottom flask (250 mL). To this solution was added slowly 
Copper(II) chloride hydrated (3.40g, 20 mmol) in methanol (50 mL), 
formaldehyde (2.16 mL, 40 mmol), triethylene tetraamine (2.96 mL, 20 
mmol). The mixture was stirred on a magnetic stirrer at room temperature. 
Then the mixture was refluxed for ca. 48 h. Solution was filtered to remove 
the impurity and to the filtrate an excess of perchloric acid was added at low 
temperature. The mixture was kept in refiigerator overnight to yield brown 
coloured product. They were separated out by filtration, washed with ethanol 
and dried in vacuo. 
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Synthesis of N-(4-amino-N-2-thiazolyl benzene sulfonamide-1,3,6,9,12-
pentaazacyclotridecanyl) nickel(II) chloride [Ni(St-Mac)].Cl2, (L4) 
To a methanolic solution (25 mL) of hydrated nickel(II) chloride (4.74g, 20 
mmol) were added sulphathiazole (5.10g, 20 nunol) in methanol (50 mL), 
formaldehyde (2.16 mL, 40 mmol) and triethylene tetraamine (2.96 mL, 20 
mmol) in a round bottom flask (250 mL). The resulting mixture was stirred 
on a magnetic stirrer at room temperature and then refluxed on hot water 
bath for ca. 48 h. Solution was then allowed to stand at room temperature. 
Green colour product settles down. The product was fihered, washed with 
ethanol and dried in vacuum. 
Synthesis of N-(4-amino-N-2-thiazolyl benzene sulfonamide-1,3,6,9,12-
pentaazacyclotridecanyl) copper(II) chloride [Cu (St-Mac)].Cl2, (L5) 
To a stirred methanolic solution (50 mL) of sulphathiazole (5.10g, 20 
mmol), was added the solution of hydrated copper(II) chloride (3.40g, 20 
mmol) in methanol (25 mL), triethylene tetraamine (2.96 mL, 20 mmol) and 
formaldehyde (2.16 mL, 40 mmol) in a round bottom flask of (250 mL). The 
resulting mixture was further stirred and refluxed on hot water bath for ca. 
40 h. Solution was allowed to stand at room temperature. Dark green 
coloured product settles down. The product was filtered, washed with 
ethanol and dried in vacuum. 
37 
Synthesis of Heterobimetallic Complex [Mn(Sm-Mac)'SnPh3].(C104)2 
Triphenyl tin chloride (0.385g, 1 mmol) in dry methanol (25mL) was added 
dropwise to the solution of Li (0.654g, 1 mmol) in (25 mL) DMF. The 
mixture was refluxed for ca. 8 h and kept aside for ca. 12 h at room 
temperature. Amorphous brown coloured product was obtained. The 
compound was isolated by filtration, washed with ether and dried in vacuum. 
Synthesis of Heterobimetallic Complex [Ni(Sm-Mac)*SnPh3].(C104)2 
To a solution of L2 (0.658g, 1 mmol) in methanol and DMF (15 mL:15mL) 
was added dropwise the solution of triphenyl tin chloride (0.385g, 1 mmol) 
in dry methanol (25 mL) in a round bottom flask (100 mL). The mixture was 
refluxed for ca. 10 h, and kept aside at room temperature. The light yellow 
coloured compound that separated out was filtered, washed with ether and 
dried in vacuum. 
Synthesis of Heterobimetallic Complex [Cu(Sm-Mac)*SnPh3] (C104)2 
To a solution of triphenyl tin chloride (0.385g, 1 mmol) m dry methanol (25 
mL) in a round bottom flask (100 mL) was added drop wise the solution of 
L3 (0.663g, 1 mmol) in DMF (30 mL). The mixture was refluxed for ca. 8 h 
and kept aside at room temperature. The brown coloured product was 
filtered, washed with ether and dried in vacuum. 
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Synthesis of Heterobimetallic Complex [Ni(St-Mac)*SnPh3].Cl2 
To the slight acidic solution of L4 (0.521g, 1 mmol) in dry methanol (25 mL) 
by adding few drops of HCl in a round bottom flask (100 mL) was added 
dropwise the methanohc solution (25 mL) of triphenyl tin chloride (0.385g, 
1 mmol). The mixture was refluxed ca. 6 h. The light yellow coloured 
product obtained was filtered, washed with ether and dried in vacuo. 
Synthesis of Heterobimetallic Complex [Cu(St- Mac) SnPhal.Cb 
Triphenyl tin chloride (0.385g, 1 mmol) in dry methanol (25 mL) was added 
drop wise to the solution of L5 (0.526g, 1 mmol) in DMF (25 mL). The 
mixture was refluxed for ca. 10 h and kept aside at room temperature. Light 
brown coloured product was obtained. The compoimd was isolated by 
filtration, washed with ether and dried in vacuum. 
Result and Discussion 
The heterobimetallic sulpha dmg macrocyclic complexes containing 
triphenyl tin and transition metal ions have been prepared by the 
condensation reaction of triphenyl tin chloride with metallated sulpha drug 
macrocycle according to following equations 
9H(^10 
A:(i) MCl2+Sm+2HCHO+tet-—^- ^ -— -> [M(Sm-Mac)].(C104). 
MeOH, - 2HC1 
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(ii) M(Sm-Mac)](C104)2+Ph3SnCl^^ ->[M(Sm-Mac)*SnPh3].(C104)2 
M=Mn°, Ni°,Cu° 
Sm=sulphamerazme 
tet=triethylene tetraamine 
(Sm-Mac)*=deprotonated sulphamerazine macrocycle 
B:(i) MCl2+St+2HCHO+tet ^^Q^ > [M(St-Mac)].Cl2 
(ii) [M(St-Mac)].Cl2+Ph3SnCl ^^^[M(St-Mac)*SnPh3].Cl2 
M=Ni°, Cu° 
St=sulphathiazole 
(St-Mac)*=deprotonated sulphathiazole macrocycle 
The metallated macrocycles were prepared by template synthesis (Scheme 
II). Satisfactory micro-analytical results were obtained for all the compo-
unds. The preparation of heterobimetallic complexes has been accomplished 
by reacting macrocycles with triphenyl tin chloride in suitable solvent 
(Scheme III). The formation of these complexes takes place by 
deprotonation of NH group and subsequently one mol of HCl is removed. 
The colour, melting points and analytical data of all the compounds are 
given in Table 1. On the basis of elemental analysis the complexes may be 
4 0 
fonmilated as [M(Sd-Mac)] X2 and [M(Sd-Mac)*SnPhi] X2 respectively. 
Where M=Mn", Ni", Cii", Sd=sulphamerazine, siilphathiazole and X=C104 
or CI. 
The molar conductances in the range of 90-155 ohm cm^ mol"' in 
dimethylsulphoxide shows that the complexes are ionic in nature '^^ '^  
MCI2+ Su lphameraz ine+2HCH0+t r ie thy lene teUaamine 
MeOH 
- 2 HCI 2HCIO4 
(Cold) 
H / \ H 
M N 
^ \ J 
N N 
H \ y H 
/ / ^ 
,N ' 
S02 N L A . (C I04 )2 
X H 3 
n r-..D xT.-n M=Mn", Cu", Ni 
Scheme 11(a) 
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MCl2 •+• Sulphathiazole + 2 HCHO+ triethylene tetraamine 
MeOH 
H / \ H 
M N 
/ \ _/ 
N 
H 
N 
H 
S02 N 
H 
N 
• C I 2 
M=Cu", Ni" 
Scheme 11(b) 
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M=Mn°, Cu°, Ni^  
Scheme Ill(a) 
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H/~\H 
N N__, 
' \ / A 
M N / \ S02 N H 
N 
•N N 
H H 
- H C I 
•Cl2+Ph3SnCI 
DMF 
SO2 N 
-Sn. 
CI2 
V ^ v^ 
n r--,n M=Ni^, Cu 
Scheme Ill(b) 
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Infrared Spectra 
The IR spectra of the macrocycles of sulpha drugs (Table 2) exhibits distinct 
frequencies in the range of 3396-3421 cm'' which is attributed to VNH/'^''^ 
The far IR spectra shows bands in the range of 450-465 cm'', 410^20 cm'' 
and 370-380 cm"' due to vMn-N, vNi-N and vCu-N respectively.^'^'''"^ 
After bimetallic complexation of Mn", Ni" and Cu" with triphenyl tin(IV) 
chloride one additional Sn-N stretching frequency is observed in the range 
of 450-460 cm'' indicating that the ligand is bonded to the metal througli 
nitrogen/'^ ^^ 
The vNH frequency of nickel(II), copper(II) and manganese(II) does not 
show any significant change in frequency on passing from mono to 
bimetallic complexes. The characteristic bands of nickel(II), copper(II) and 
manganese(II) macrocycles have been observed in the same frequency 
region. 
The vC-N in the metallated macrocycle appears at 1340 cm'' showing 
negative shift after chelation with triphenyl tin cliloride by substitution of H^ 
as HCl. Two sharp absorption bands at 1040-1087 cm'' and 1326-1400 cm'' 
in the sulpha drug macrocycles and bimetallic complexes of organotin are 
due to vC-C and vC-N respectively. 
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All the heterobimetallic complexes except sulphathiazole macrocyclic 
complexes show strong unsplit absorption bands at 1145 cm' and 630 cm' 
which is characteristic of perchlorate counter anion/ ' 
Electronic Spectra and Magnetic Moment 
Electronic spectra and Magnetic moment values of metallated macrocycles 
and their heterobimetallic complexes are given in Table 3. 
The Nickel(Il) chelates are diamagnetic. The electronic spectrum of the 
(Sm-Mac)/(St-Mac)-Ni^ chelates in DMSO. exhibits a band at 20000cm'' 
indicating a square planar geometry around mckel(II) ion/''*^^ Two bands 
appearing at 20000-21000 cm"^  and 19000-19200 cm'^  were observed for 
heterobimetallic complexes and are tentatively assigned to 'Big< A^ig and 
'A2g< 'Aig transitions respectively/^ '* '^''*^^ 
The electronic spectral bands in heterobimetallic complexes show little 
deviation from the value of monometallic (sulpha drug derivatives) 
mckel(II) macrocyclic bands. However, their values indicate the square 
planar geometry around nickel(II) ion. 
The electronic spectrum of (Sm-Mac)/(St-Mac)-Cu° chelates in DMSO 
exhibit high intensity band at 14100 cm'^  which is characteristic of square 
planar geometry aroimd copper(II) ion.^ '^^ ''^  Two strong broad bands in range 
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of 20200-20240 cm'^  and 14000-14200 cm'^  were observed in case of its 
triphenyltin heterobimetallic complexes which have been assigned to 
E^ig< ^Big and 'Aig< ^Big transitions respectively, further supporting a 
square planar geometry around central metal ion. The magnetic moment 
values for mono and bimetalhc complexes fall in the range of 1.78-1.84 
B.M. Electronic spectra of bimetallic complexes also shows a charge 
transfer band of high energy at 32225-32550 cm"'. 
EPR Spectra 
EPR spectra of mono and bimetalhc complexes of Cu^ sulpha drug 
derivatives obtained at room temperature were analyzed within usual spin 
Hamiltonian formation and corresponding parameters are given in Table 3. 
The stimulation of the EPR spectra of the metallated sulpha drug 
macrocycles and their triphenyl tin(IV) derivatives did not show any sign of 
coupling. In all the cases it is expected that Cu° ion has a square planar 
geometry.^ ^^ '^'^ )^ 
H^, ^ C^ and "^ Sn NMR Spectra 
Important spectral data are given in Table 4. The spectrum of metallated 
sulpha drug macrocycles and their triphenyltin(IV) derivatives is useful from 
structural viewpoint. The NMR signal due to NH protons at 5(10.76-10.85) 
in the [Ni(Sm-Mac)].(C104)2/[Ni(St-Mac)].Cl2 disappears in the spectra of 
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their heterobimetallic complexes indicating replacement of H^ as HCl of NH 
group and formation of Sn-N bond. The signals for cyclic NH protons of 
mono and bimetallic complexes appear in 6(6.40-6.80). 
The H^ NMR spectrum of [Ni(Sm-Mac)].Cl2 shows singlet at 5 3.00 (3H, -
CH3), triplet at 2.47 (8H, N-CH2-N) and singlet at 3.42 (12H, N-CH2-CH2-
N) indicating that their groups are in different environments. From the peak 
end splitting it is clear that signals generated in 5(7.74-8.20) are due to 
phenyl protons. The 'H NMR spectmm of heterobimetallic complexes in 
DMSO showed that the proton of phenyl groups attached to tin are observed 
in 5(7.10-7.30) as a complex pattern and sulpha drugs aromatic proton 
signals have been observed in 5(7.35-8.00). No significant shift has been 
observed in the position of other proton signals on interaction with triphenyl 
tin chloride as compared to their position in the monometallic sulpha drugs 
macrocycles. 
A comparison of '^ C NMR spectra of [Ni(Sm-Mac)].(C104)2 and its 
heterobimetalhc complex with triphenyl tin(IV) shows that the position of 
carbon signals remained unshifted. The phenyl carbon signal appearing in 
the region 126-128 ppm in [Ni(Sm-Mac)].(€104)2 exhibits a field of 2-4 
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ppm which may be attributed to overlapping of (C6H4) of sulpha drug and 
(C6H5)3 of triphenyl tin(IV). 
The "^Sn-[H] NMR spectrum of [Ni(St-Mac)*SnPh3].Cl2 shows a sharp 
singlet at 5=-111.54 which confirms that tin is four coordinated. Our resuhs 
are consistent with the results reported earlier.^  
Toxicity 
The compounds containing sulphur are more toxic than organotin 
themselves. To calculate LD50 for cockroaches the mortality graph was 
plotted against concentration in ppm. A sigmoid curve was obtained. Since it 
is not a straight line the slope at different points did not give the same value. 
For obtaining LD50 the data performing to percentage mortality were 
transformed into probit which was plotted against log concentration (in ppm 
X 100) and a perpendicular was drawn from a value of probit 5 equivalent to 
50 % mortahty. 
It is evident from our experiments on cockroaches (Table 5) that [Cu(St-
Mac)].Cl2 and [Cu(St-Mac)*SnPh3].Cl2 are more toxic than [Cu(Sm-
Mac)].Cl2 and [Cu(Sm-Mac)*SnPh3].Cl2. 
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CHAPTER IV 
PHYSICO-CHEMICAL AND TOXICOLOGICAL STUDIES ON 
METALLATED 1,8-DIHYDRO-1,3,6,8,10,13 HEXAAZACYC-
LOTETRADECANE/l-HYDRO-l,3,6,9,12PENTAAZA 
CYCLOTRIDECANE ORGANOTIN 
DITHIOCARBAMATES 
Materials and Methods 
All the reagents used are of analytical purity. CUCI2.2H2O, NiCl2.6H20, 
perchloric acid, 1,2-diaminoethane (E. Merck), formaldehyde, triethylene 
tetraamine, carbon disulphide, ammonia (BDH), triphenyltin chloride 
(Fluka), methanol (Ranbaxy), ethanol (absolute) and diethyl ether were used 
as received. 
The IR spectra (4000-2000 cm'') were recorded on Perkin-Ehner 240FT and 
621-spectrophotometer in KBr and Nujol. UV/Vis spectra were run on a 
systronic-119 spectrophotometer. The EPR spectra were recorded on a 
Bruker ESP-300X band spectrophotometer. The NMR spectra were recorded 
in DMSOdc on a Bruker MX-500 spectrometer. Magnetic susceptibility and 
molar conductance measurements were made with a vibrating sample 
magnetometer allied research model 155 and a Elico conductivity bridge 
type CM-82T. Elemental analysis were made with Thomas and Coleman 
analyzer, Carlo-Erba-1106. Metals were estimated by complexometric 
titration using EDTA.^ '^ "*^  Solvents were purified by conventional 
methods.^ '^ ^^  
Toxic Effect 
Toxicity experiments were done on cockroaches (Periplaneta americana). 
The concentrations of complexes were kept between 1-5 ppm regions. The 
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percent mortality after 24 and 96 h was noted. The LD50 was calculated in 
terms of probit/'"'' 
To investigate the ftingi toxicity two separate sets of experiments were done 
on A flavus, A niger, A pori along with a control set. A 2-3% solution of 
complexes was sprayed on a measured area of fungus colony. The inhibition 
growth of the ftingus colony was compared against a control set run under 
the same experimental conditions. 
Synthesis of l,8-dihydro-l,3,6,8,10,13-hexaaza cyclotetra decane nickel 
(11) perchlorate/copper(II) perchlorate (L6,L7) 
The metallated macrocycles have been prepared by reported method.^ '^ '^ '^ ^^ 
To a methanolic solution of hydrated nickel(II) chloride (2.37g, 10 mmol) or 
hydrated copper(II) chloride (1.70g, 10 mmol) were added 1,2-diaminoeth-
ane (1.34 mL, 20 mmol), ammonia (0.37mL, 20 mmol) and formaldehyde 
(1.1 ImL, 40 mmol) while stirring vigorously. The resulting mixture was 
further stirred and refluxed on hot water bath for ca. 80 h. The solution was 
filtered to remove any insoluble material and excess of perchloric acid was 
added to filtrate at 0° C temperature. The solution was allowed to stand at 
room temperature. Coloured crystals formed were filtered off, washed with 
ethanol and dried in vacuum. The pure product was readily obtained by 
fi-actional crystallization of the cmde product fi-om methanol (Fig. 10). 
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H / \ H 
N N 
r^  \ / N 
HN M NH 
N N -^ 
" ^ / " '(C104)2 
M=Ni", Cu" 
Fig. 10 
Synthesis of l-hydro-l,3,6,9,12-pentaazacyclotridecane nickel(n) per-
chlorate/copper(lI) perchlorate (Ls.Ly) 
To a solution of hydrated nJckel(II) chloride (2.37g, 10 mmol) or hydrated 
copper(II) chloride (1.70g, 10 mmol) in methanol (50 mL) were added 
triethylenetetraamine (2,64g, 10 mmol), ammonia (0,18mL, 10 mmol) and 
fonnaldehyde (l.OSmL, 20 mmol). Tlie mixture was stiiTed and then 
refluxed on hot water bath for ca. 60 h. Tlie solution was filtered to remove 
hydroxide and excess of perchloric acid was added in cold condition to the 
filtrate. It was kept in the refrigerator overnight. The coloured crystals thus 
fonned were collected by filtration, washed with ethanol and dried in 
vacuum. (Scheme IV) 
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Scheme IV 
Synthesis of 8-hydro-l,3,6,8,10,13-hexaazacyclotetra(lecane nickel(II)/ 
copper(II)-triphenyl tin dithiocarbamate perchlorate 
Nickel(II) macrocycle (LG) (4.00g, 10 mmol) or copper(II) macrocycle 
perchlorate (L7) (4.64g, 10 mmol) was dissolved in methanol (50 mL). To 
this solution carbon disulphide (0.60 mL, 10 mmol) was added dropwise by 
continuous stirring at low temperature (0" C) in a round bottom flask (150 
mL). Ailer stirring the reaction mixture a solution of triphenyl tin chloride 
(3.85g, 10 mmol) in dry methanol (50 mL) was added. The mixture was kept 
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overnight at low temperature in refrigerator to yield the product. It was 
filtered and washed with ethanol and dried in vacuo [Scheme V(a)]. 
NH + CS2 + Ph3SnCI 
II /^. U M=Ni^ Cu 
Scheme V(a) 
Synthesis of 1,3,6,8,10,13-hexaazacyclotetradecane nickel(II)/copper(II) 
bis-triphenyl tin dithiocarbamate 
To a methanolic solution (50 mL) of nickel(II) macrocycle (4.00g, 10 mmol) 
or copper(II) macrocycle perchlorate (4.64g, 10 mmol) was added drop wise 
carbondisulphide (1.20 mL, 20 mmol) while stirring vigorously at low 
temperature in round bottom flask (250 mL). To this solution was added 
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triphenyl tin chloride (7.70g, 20 mmol) in dry metlianol (100 mL). The 
mixture was kept overnight at low temperature to yield coloured crystals. 
Crystals so formed were filtered off, washed with ethanol and dried in vacuo 
[Scheme V(b)]. 
H A \ H 
• N N. 
HN 
U r-.-U M=Ni^, Cu 
J M NH+2(CS2)+2(PhTiSnCI) 
^ M M ' • / N 
H' 
N-
H •(0104)2 
-2HCI MeOH 
Scheme V(b) 
Synthesis of 1,3,6,9,12-peiitaazacyclotridecane n!ckel(II)/copper(II) tri-
phenyl tin dithiocarbamate perchlorate 
Nickel(II) macrocycle (Lg) (4.44g, 10 mmol) or copper(II) macrocycle 
perchlorate (L9) (4.49g, 10 mmol) was dissolved m methanol (50 mL). This 
6 4 
solution was added to ice cold solution of carbondisulphide with constant 
stirring. After stirring this mixture a solution of triphenyl tin chloride (3.85g, 
10 minol) in methanol (50 niL) was added at-10° C. A coloured compound 
obtained, was filtered, washed with ethanol and dried in vacuo. (Scheme VI) 
H 
•N 
H 
N. 
H 
M NH + CS? + Ph^SnCl 
- HCI MeOH 
M=Ni°, Cu" 
Scheme VI 
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Result and Discussion 
The metallated macrocyclic triphenyl tin dithiocarbamates have been 
prepared by the reaction of metallated macrocycle and carbon disulphide in 
the presence of triphenyl tin chloride according to the following equations: 
A;(i)MCl2+2en+2NH3+4HCHO ^ ^ ,.!^^^^^ ^ ^ , -> [M-Mac'](C104)2 
(ii)[M-Mac'](C104)2+CS2+Ph3SnCl^^^^ -> [M-Mac*'(CS2SnPh3)](C104)2 
(iii)[M-Mac'](C104)2+2CS2+2Ph3SnCl^!^^ -^ [M-Mac*'(CS2SnPh3)2](C104)2 
— 2HC1 
M=Ni°, Cu° 
en=ethylenediamine 
Mac*-deprotonated macrocycle 
B;(i)MCl2+tet+NH3+2HCHO j^^QH -^ [M-Mac"](C104)2 
irlClU^, -zHLl 
(ii)[M-Mac"](Cl04)2+CS2+Ph3SnClM55H _^ [M-Mac*"(CS2SnPh3)](C104)2 
— rlCl 
M=Ni°, Cu° 
tet=triethylene tetracmine 
Mac*"=deprotonated macrocycle 
Satisfactory micro-analytical results have been obtained for all metallated 
macrocyclic triphenyl tin dithiocarbamates. The colour, melting points and 
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analytical data of all the compounds are given in Table 6. The complexes are 
air stable and are soluble in DMSO. 
IR and Far IR Spectra 
The IR spectra of the metallated macrocyclic triphenyl tin dithiocarbamates 
are summarized in Table 7. 
The NH stretching frequency have been observed at 3260-3315 cm' and 
3265-3330 cm'' for metallated l,8-dihydro-l,3,6,8,10,13-hexaazacyclotetra 
decane and 1-hydro-1,3,6,9,12-pentaazacyclotridecane respectively, 
indicating the presence of amine groups of the metallated 
macrocycles/'^^''^^^ On complexation with CS2 one band disappears, while 
the other band appears at the same frequency region which clearly indicates 
that the formation of macrocyclic triphenyl tin dithiocarbamate takes place 
by the substitution of hydrogen from nitrogen at T' or 8* position of the 
cyclam ring while the other hydrogens remain intact. 
The spectra of metallated 1,8-dihydro-l,3,6,8,10,13-hexaazacyclotetradeca 
ne/l-hydro-l,3,6,9,12-pentaazacyclotridecane tin dithiocarbamate shows 
two characteristic absorption bands in the range 960-1030 cm' range which 
indicate that dithiocarbamate is unsymmetrically bound/'^^^ 
The coupled vibrations within N-CS2 group have been observed in 1130-
1140 cm-', 1180-1220 cm'' and 1200-1235 cm"' range respectively/''^^ 
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Far IR spectra of 1,8-dihydro-l,3,6,8,10,13-hexaazacyclotetradecane/l-
hydro-1,3,6,9,12-pentaazacyclotridecane triphenyl tin dithiocarbamate 
display bands at 335-370 cm"' and 340-360 cm'' which were assigned to 
Sn-S stretching mode respectively,^ " '^"'*^ suggesting that triphenyl tin is 
coordinated with dithiocarbamate group through sulphur . However medium 
intensity bands at 405-410 cm'' and 415-420 cm"' have been assigned to 
vNi-N and vCu-N respectively/"^"^^ 
Electronic Spectra and Magnetic Moment 
The electronic spectra and magnetic moment values of all the complexes 
(mono and bis metallated macrocyclic triphenyltin dithiocarbamates) are 
given in Table 8. 
The electronic spectral values and diamagnetic character of nickel(II) 
complexes are in harmony with square planar geometry around nickel(II) ion. 
Absorption for nickel(II) macrocycle mono triphenyltin dithiocarbamates and 
nickel(II) macrocycle bis triphenyltin dithiocarbamates were characterized by 
two transitions observed at 21790-22840 cm'' and 16240-16270 cm'' 
assigned to 'Big< 'Aigand 'A2g< 'Aig transitions respectively/'"^'''^^ A 
high energy transition at 32100 cm'' have also been observed due to MLCT. 
The complexes have been found to be diamagnetic in nature. 
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The electronic spectrum of copper(II) macrocycle mono triphenyl tin 
dithiocarbamates and copper(II) macrocycle bis triphenyl tin 
dithiocarbamates exhibits three bands in 16970-16980 cm'\ 14200-14500 
cm'^  and 12460-12480 cm"' region assigned to A^ig< B^ig , E^g< B^ig 
and B2g< Big transitions respectively. The high value of energy 
Aig< Big transition observed is the characteristic feature of four 
coordinated square planar complexes.^ '^ ^^ The magnetic moment values for 
mono and bis copper(II) macrocycle triphenyl tin dithiocarbamates fall in 
the range of 1.78-1.88 B.M. 
EPR Spectra 
EPR spectra of copper(II) complexes were obtained at room temperature. 
The g|| and gi values characterize the spectra of all the complexes. The 
calculated g||=2.10-2.15 and gi=2.05-2.09 values indicate a dx^ -y^  ground 
state and g||>gi for copper(II) ion. The values are in good agreement with the 
calculated values for square planar copper(II) complexes.^ '"^ ^^  
NMR Spectra 
The H^ NMR spectral data of nickel(II) macrocycle mono and bis triphenyl 
tin dithiocarbamates are given below: 
[Ni-Mac*'(CS2SnPh3)].(ClO4)2-S2.63-2.70(m,8H,CH2), S3.90-3.97(m,8H, 
CH2), 56.82 (S,5H,NH), 57.40-7.90(m,15H,Ph). 
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[Ni-Mac*'(CS2SnPh3)2].(C104)2-S2.62-2.73(m,8H,CH2), 53.88-3.98 (m,8H, 
CH2), 56.88 (S,4H,NH), 57.40-7.90(m,15H,Ph). 
[Ni-Mac*"(CS2SnPh3)].(ClO4)2-52.64-2.80(m,12H,CH2), 53.90-3,98 (m,4H, 
CH2), 56.86 (S,4H,NH), 57.50-7.98(m,15H,Ph). 
'^ ^Sn[H] NMR spectra of [Ni-Mac*'(CS2SnPh3)] give signal at 5-145.92 
ppm which suggest the penta coordinate tin. 
Toxicity 
The sulphur compounds containing triphenyl tin have inherent pesticidal 
property and hence it seemed essential to investigate their toxicity against 
insects and fungi. The insecticidal activities of [Cu-Mac*"(CS2Sn 
Ph3)](C104)2/[Cu-Mac*'(CS2SnPh3)](C104)2/[Cu-Mac*'(CS2SnPh3)2](C104)2 
in terms of LD50 is given in Table 9. On the basis of their mortality data the 
compounds may be arranged in ascending order of their toxicity [Cu-
Mac*"(CS2SnPh3)](C104)2<[Cu-Mac*'(CS2SnPh3)](C104)2<[Cu-Mac*'(CS2 
SnPh3)2](0104)2. This shows that tri nuclear complexes i.e. [Cu-Mac*' 
(CS2SnPh3)2](C104)2are more toxic than the binuclear complexes i.e. [Cu-
Mac*'(CS2SnPh3)] (0104)2 and [Cu-Mac*"(CS2SnPh3)](C104)2 (Fig 11). 
hi case of fungi the area of fungus colony in the controlled and the treated 
set was measured after 96 h and percent inhibition in the growth of the fungi 
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was calculated. Three compounds tested against fungi appeared to be growth 
inhibitor percluding the formation of spores and further development of 
fungus colony. It has been noted that compounds containing three metals 
cause a greater increase in fungicidal properties than those containing two 
(Table 9). The flmgicity of the hgands follow the same order as those found 
for insects. 
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CHAPTER V 
STUDIES ON HETEROBIMOLECULAR COMPLEXES 
CONTAINING TRIPHENYL TIN AND 
TRANSITION METAL IONS 
Materials and Methods 
Ni", Cu", Mn", Cr'" chloride, carbon disulphide(BDH), triphenyltiii chloride 
(Fluka), octadecylamine, hexadecylamine (SISCO), ethylenediamine, salic-
ylaldehyde (Loba Chemie), tetrahydrofuran (E. Merck) methanol, ethanol and 
diethyl ether were used as received. The IR spectra (4000-200 cm"') were 
recorded on Perkin Ekner-621 spectrophotometer in KBr and Nujol. UV/vis 
spectra were run on Pye LHMICAM PU-800 spectrophotometer in DMSO. The 
NMR and EPR were recorded on a Bruker X-500 instrument in DMSOd<, and 
Bruker ESP-300X-band spectrometer respectively. The conductivity 
measurements were made in DMSO on an Elico conductivity bridge type CM-
SIT. Elemental analysis were done on Carlo-Erba analyer , Model 7106-
Microanalyser. Solvents were distilled by conventional methods.^ '^ ^^ Estimation 
of chloride were done by standard gravimetric method*-'^ ^^  and metal was 
estimated by atomic absorption using portable digital Voltmeter-2000. 
Toxicity Studies 
Toxicity experiments were done on cockroaches, equal number of individuals 
in five sets were taken and allowed to feed on heterobimolecular complexes in 
different concentrations ranging from 8-12 ppm (w/w). A control set was also 
run simultaneously and the test insects were kept under observation. The % 
mortality was recorded after 24 h. 
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Synthesis of SchifT Base 
Schiff base [N,N-bis(salicylidene)ethane-l,2-diiinme] has been synthesized by 
reported method.*^ ^^ ^^  
Synthesis of Schiff base Complexes with Ni", Cu", Mn"and Cr"'.[M(SB)*| 
To a stirred methanoHc solution (100 mL) of Schiff base (2.68g, 10 mmol) was 
added solution of nickel(n) chloride (2.37g, 10 mmol) or copper(n) chloride 
(IJOg, 10 mmol), manganese(II) chloride (1.97g, 10 mmol) or chromium(ni) 
chloride (2.66g, 10 mmol) in dry methanol. The mixture was refluxed and then 
allowed to stand at room ten^erature overnight. The coloured crystals thus 
formed were collected by filtration, washed with ethanol, ether and dried in 
vacuo (Fig. 12). 
N N N ' CI ^N 
MeOH 
M=Ni",Cu",Mn'^  
Fig. 12 
Synthesis of Hexadecylamine Triphenyl Tin Dithiocarbamate [Hda-dtc 
SnPhal 
To the solution of hexadecylamine (2.41g, lOmmol) in dry methanol (50 mL) 
was added carbondisulphide (0.60 mL, lOmmol) dropwise. To this mixture add 
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methanolic solution (50 mL) of triphenyl tin chloride (3.84g, 10 mmol) by 
constant stimng. Tiie colourless solution was allowed to stand at low 
temperature (0-5°C) in refrigerator for ca. 45 minutes. White compound 
obtained was filtered, washed with ethanol and dried in vacuo (Fig. 13). 
*^(6H33 
Fig. 13 
Synthesis of Octadecylamine Triphenyl Tin Dithiocarbamate (Oda-dtc 
SnPhjl 
To the warm methanolic solution (50 mL) of octadecylamine (2.69g, 10 mmol) 
was added carbon disulphide (0.60 mL 10 mmol) dropwise. To this mixture 
was added a solution of triphenyl tin chloride (3.84g, 10 mmol) in methanol (50 
mL) by constant stining. The solution was allowed to stand at low temperature 
in refrigerator for ca. 1 h, cream coloured compound obtained was filtered, 
washed with ethanol and dried in vacuo (Fig. 14). 
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- S n ^ ^ C N C|eH37 
Fig. 14 
Synthesis of Heterobimolecular Complexes [M(SB)*Hda-dtcSnPh3] 
To a stined solution of Schiff base complex [M(SB)*] (1 mmol) in THF (25 
mL) was added [Hda-dtc SnPh.^ ] (0.66g, 1 mmol) complex in THF (25 mL) . 
Tlie resulting mixture was further stined and refluxed on hot water bath until 
coloured product separated out. Tlie complex was filtered, washed with ether 
and dried in vacuo (Fig. 15). 
Synthesis of Heterobimolecular Complexes |lVl(SB)*Oda-dtcSnPh3| 
Schiff base complex [M(SB*)] (1 mmol) was dissolved in THF (25 mL) in 
round bottom flask (100 mL). To this solution was added slowly [Oda-dtc 
SnPhs] (0.69g, 1 mmol) in THF (25 mL). Tlie resulting mixture was stirred and 
refluxed on hot water bath until coloured product was isolated. The complex 
was filtered, washed with ethanol^ether and dried in vacuo (Fig. 16). 
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M 
/ N CI N 
"c^\l/ ^^ 
Cr 
M=Ni", Cu", Mn" 
Fig. 15 
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8 9 
^A A°c 12 
Cr 
M=Ni° Cu°, Mn" 
Fig. 16 
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Results and Discussion 
The heterobimolecular complexes have been synthesized in a stepwise manner. 
Each of tliese molecules reacts with other molecules in solution to yield 1; 1 
heterobimolecular complex. Tlie heterobimolecular complexes have been 
isolated by treating the Schiff base complex with N?", Cu", Mn", or by Cr'" and 
further treated with hexadecyl/octadecylamine triphenyl tin dithiocaibamate. 
On the basis of analytical data (Table 10) spectral studies and molar 
conductance measurements, it has been observed that chemistry of Cr'" Schiff 
base is different from Ni", Cu", Mn" Schiff bases containing bimolecular 
complexes. General reactions of the complexes are as follows. 
A: SBH2+MCl2/M'Cl3-^^^^-^[M(SB)*]/[M'(SB)*Cl MeOH] 
— 2HCL 
B: (a) Ph3SnCl+CS2+NH2Ci6H33 ^ ^ ^[Hda-dtcSnPha] 
(0-5 C),-HC1 
(b) Ph3SnCl+CS2+NH2Ci8H37 ^^^^^ )>[0da-dtcSnPh3] 
(0-5 C),-HC1 
C:(a) [M(SB)*]+[Hda-dtcSnPh3] ™ ^ > [M(SB)*Hda-dtcSnPh3] 
(b) [M(SB)*]+[0da-dtcSnPh3] -IMfL^ [M(SB)*0da-dtcSnPh3] 
(c) [M'(SB)*ClMeOH]+[Hda-dtcSnPh3]-^niF_> [M'(SBClTHF)*Hda-dtcSnPh3] 
(d) [M'(SB)*ClMeOH]+[Oda-dtcSnPh3] ^^^ > [M'(SBClTHF)*Oda-dtcSnPh3] 
M= Ni", Cu", Mn", M=Cr"' 
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SB=Schififbase (CeHigNzOz) 
(SB)*=deprotonated Schiff base (Ci6H,4N202) 
[Hda-dtc SnPh3]=hexadecylamine triphenyl tin dithiocarbamate 
[Oda-dtc SnPhs] = octadecylamine triphenyl tin dithiocarbamate 
All the complexes are air stable and soluble in DMSO. The molar conductance 
measurements indicate that all the conplexes are covalent in nature. 
IR Spectra 
IR spectra of the bimolecular complexes are summarized in Table 11. 
A broad and strong band attributed to v(OH) is observed in the region 2700-
2900cm"' which has been assigned to the intramolecular hydrogen bonding/'^ ''^  
In the present case of heterobimolecular complexes v(OH) is not observed in 
the IR spectra indicating involvement of OH in coordination by substitution of 
H*^  ion by metal ion as HCl, which is fiirther supported by v(C-O) stretching 
vibration which appears at 1295-1330cm"' in the bimolecular complexes. A 
strong band in the range of 1620-1630cm"' in the bimolecular complexes is 
attributed to v(C=N) indicating sensitiveness of this band to chelation. Similar 
observation has also been reported earUer*-'^ '^^ ^^  since the sulphur atoms are 
bonded to triphenyl tin, it is difficult to assign the CS2 absorption that whether 
it is coupled or overlapped by other bands. The criteria of Bonati and Ugo^ '^ ^^  
can be used to determine the nature of bonding of the dithiocarbamate group. It 
is well known that a symmetrically bound dithiocarbamate exhibit only one 
peak at about 1000 cm'. In the present case a sharp strong absorption band has 
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been observed in the region of 1065-1070 cm"^  which is due to symmetrically 
bonded dithiocarbamate group. This shows that triphenyl tin which is five 
coordinated becomes six coordinated after bimolecular complexation. v(C-N) 
frequency have been observed in the range of 1431-l535cm'^ 
In far IR region M-N, M-0 and Sn-S stretching frequency have been assigned 
to bands in the range of 385-415 cm"', 485-495 cm"' and 335-340 cm"' 
respectively. The v(Sn-O) and v(Sn-C) in the range of 520-540cm"' and 550-
595cm"' respectively indicates six coordination of triphenyl tin dithiocarbamate 
after bimolecular complexation. 
Electronic Spectra and Magnetic Moments 
Electronic spectra, magnetic moment values and EPR parameters for the 
heterobimolecular complexes are given in Table 12. 
Electronic spectra of [Ni(SB)*Hda-dtcSnPh3]/[Ni(SB)*Oda-dtcSnPh3] exhibits 
two bands in the range of 20000-21000 cm"' and 19000-19300cm'' assigned to 
Big-< Aig and 'A2g< 'Ajg transitions respectively. A high energy 
transition at 30000 cm"' have been observed due to charge transfer. The 
conplexes have been found to be diamagnetic in nature. 
The spectra of [Cu(SB)*Hda-dtcSnPh3]/[Cu(SB)*Oda-dtcSnPh3] shows one 
strong band at 19200-19250 cm"' along with a shoulder at 13900-14000 cm"' 
assigned to 'A,g< ^Big and ^Eig< ^Big transitions respectively. These 
bands are also in agreement with square planar geometry around copper(II) ion. 
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For copper(II) complexes, the neff value in the range of 1.85-1.87 BM is 
consistent with square planar configuration. 
The manganese(II) complexes shows three transitions due to four coordinated 
manganese(II) ion.^ '^ "*^  The spectrum of [Cr(SBClTHF)*Hda-dtcSnPh3]/ 
lCr(SBClTHF)*0da-dtcSnPh3] shows three bands in 36315-36300 cm"', 21720-
21739 cm'' and 16100-16103 cm'' region assigned to '*Tig(P)< "^ AsgCF), 
''Tig(F)< '^ AsgCF) and '*T2g(F)< ^A2g(F), transitions respectively, 
supporting octahedral geometry around chromium(III) ion. 
NMR Spectra 
The ' H NMR spectial data of nickel(II) heterobimolecular complexes aie given 
in Table 13(a). 
The H NMR spectra of bimolecular complexes show signals at 510.13 ppm 
and 58.00 ppm for -NH and -CH=N protons respectively. Signals due to 
aromatic ring protons of metallated Schiff base and phenyl protons of Sn(Ph)3 
occurs as multiplets between 66.47-7.43 ppm and 7.72-7.83 ppm respectively. 
The signals due to -CH2-CH2- are at 3.73-3.79 ppm. 
The '^C NMR spectral data of the bimolecular compounds viz [Ni(SB)*Hda-
dtcSnPhs] and [Ni(SB)*0da-dtcSnPh3] are given in Table 13(b). The resonance 
in the range 27-168 ppm has been assigned to CI-CM of the Schiff base 
complexes and C35-C51 triphenyl tin dithiocarbamate group. Our results are in 
consistence with the results reported earlier. '^^ '^' 
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Toxicity 
The toxicity of the two representative heterobimolecular compounds (Ni with 
Cu) has been done according to the standard method '^^ '^"''*\ experiments were 
done on cockroaches (table 14), % mortality of the insects was plotted against 
concentration of the compound in ppm (w/w) which gave a sigmoid curve. 
Since it was not a straight line, the data pertaining to percentage kill were 
transferred into probit which were plotted against log concentration (in 
ppmxlOO). A perpendicular drawn from probit 5 yielded LD50. It is evident 
from LD50 values that Ni containing compounds are more toxic than Cu. 
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CHAPTER VI 
PHOTOCHEMICAL GENERATION, CHARACTERIZATION AND 
PHOTOKINETICS OF NOVEL HETEROBIMETALLIC 
COMPOUNDS 
Materials and Methods 
Ni(N03)2.6H20, Cu(N03)2.3H20 (Loba-Chemie), Co(N03)2.6H20, carbondi-
sulphide (E. Merck), Mo(Co)6 (Fluka), hexadecylamine, octadecylamine 
(SISCO), methanol (Ranbaxy), ethanol (absolute) and diethyl ether were 
used as received. 
The IR spectra (4000-200 cm'') were recorded on a Perkin-Ehner 240FT and 
621 spectrophotometer in KBr and nujol. UV/vis spectra were run on a 
systronic-119 spectrophotometer. The NMR and EPR spectra were recorded 
on Bruker X-500 instrument in DMSOdc and Bruker ESP-300X band 
spectrometer respectively. The conductivity measurements were made in 
DMSO/DMF on an Ehco conductivity bridge type CM-82T. Elemental 
analysis was done on Carlo-Erba anlayser. Model 1106-microanalyser. 
Solvents were distilled by conventional methods^ '^ ^^  and metals were 
estimated by EDTA titration method.^ '"^ 
Kinetic Procedure 
All the experiments were performed at 35±01° C imder pseudo first order 
conditions ([Ni(Hda-dtc)2]>Mo(Co)6) and the kinetics were followed by 
monitoring the absorbance at 327 nm, ?Lmax for metal dithiocarbamate on a 
119-Systronic spectrophotometer. The absorption spectra of metal 
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dithiocarbamate with varying concentrations (Ixl0'^-6xl0') were recorded 
spectrophotometrically by photoirradiation. 
Synthesis of Metal Hexadecylamine Dithiocarbamate [M(Hda-dtc)2] 
To a methanolic solution (25 mL) of hydrated nickel(II) nitrate (2.90g, 10 
mmol) or copper(II) nitrate (2.4Ig, 10 rnmol) or cobalt(II) nitrate (2.9Ig, 10 
mmol) was added carbon disulphide (1.20 mL, 20 mmol) and solution of 
hexadecylamine (4.82g, 20 mmol) in methanol (50 mL) while stirring 
vigorously. The resulting mixture was allowed to stand at room temperature 
for ca. 45 minutes. Coloured product obtained was filtered, washed with 
ethanol, ether and dried in vacuo (Fig. 17). 
Synthesis of Metal Octadecylamine Dithiocarbamate {M(Oda-dtc)2l 
To a stirred methanolic solution (50 mL) of octadecylamine (5.38g, 20 
mmol) was added carbon disulphide (1.20 mL, 20 mmol) and solution of 
nickel(II) nitrate (2.90g, 10 mmol) or copper(II) nitrate (2.41g, 10 mmol) or 
cobalt(II) nitrate (2.9Ig, 10 mmol) in dry methanol. The resulting mixture 
was further stirred and then allowed to stand at room temperature overnight. 
The coloured product obtained was collected by filtration, washed with 
ethanol, ether and dried in vacuo (Fig. 18). 
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Synthesis of Heterobimetallic Complex [M(Hda-dtc)2Mo(CO)4l 
To the solution of metal hexadecylainine dithiocarbamate [M(Hda-dtc)2] (10 
mmol) in DMF (35 mL) was added solution of molybdenum hexacarbonyl 
(2.64g, 10 mmol) in DMF (20 mL) in a closed conical flask (100 mL) while 
stirring vigorously. The resulting mixture was kept in sun hght for ca. 1-3 h 
for photoirradiation. The colour of mixture changes, and then it was allowed 
to stand at room temperature overnight. Coloured product obtained was 
collected by filtration, washed with ethanol and dried in vacuo (Fig. 19). 
Synthesis of Heterobimetallic Complex j!VI(Oda-dtc)2Mo(CO)4J 
To the stirred DMF solution (30 mL) of molybdenum hexacarbonyl (2.64g, 
10 mmol) was added solution of metal octadecylamine dithiocarbamate 
[M(0da-dtc)2] (10 mmol) in DMF (35 mL) The resulting mixture was 
photoirradiated by keeping it in sunhght for ca. 2-3 h and was kept at room 
temperature for ca. 12 h. Coloured product obtained was filtered, washed 
with ethanol and dried in vacuo (Fig. 20). 
Result and Discussion 
The synthesis of heterobimetalhc complexes was carried out in two steps: 
1.Synthesis of metal hexadecylamine/octadecylamine dithiocarbamate: 
There are two methods for synthesizing dithiocarbamates (i) by insertion (li) 
by substitution. 
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In the present case the dithiocarbamates have been synthesized by insertion 
reaction according to the equation given below; 
(a) MX2+2(Ci6H35N)+2(CS2)-^^ ^[M(Hda-dtc)2] 
(b)MX2+2(C,8H39N)+2(CS2)-^^^-^[M(Oda-dtc)2] 
M=Ni", Cu", Co" 
X=N03 
[M(Hda-dtc)2]=metal hexadecylamine dithiocarbamate 
[M(0da-dtc)2]=metal octadecylainine dithiocarbamate 
2.The metal hexadecylamine/octadecylamine dithiocarbamate prepared 
above was further treated as a ligand witli molybdenum hexacarbonyl in the 
presence of light. The photolysis of DMF solution of [M(Hda-
dtc)2]/[M(Oda-dtc)2] and Mo(CO)6 rapidly leads to the formation of 
complexes 
(a)[M(Hda-dtc)2]+Mo(CO)6 ^ ,[M(Hda-dtc)2] Mo(CO)4] 
DMF, - 2 C 0 
(b)[M(Oda-dtc)2]+Mo(CO)6 ^ ,[M(0da-dtc)2] Mo(CO)4] 
All the complexes formed in 1:1 molar ratio, air stable, soluble in DMSO. 
Analytical data are given in Table 15. The molar conductance measurements 
indicate that all the complexes are covalent in nature. 
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IR and Far IR Spectra 
Important IR spectral data of the dithiocarbamates and their heterobimetalhc 
complexes are given in Table 16. 
Since the ligands do not show v(S-H) at ca. 2570 cm'' tautomerization is 
ruled out. However, the presence of an N-H band at 3184 cm'' indicates that 
the dithiocarbamates were in the thione form. These were further confirmed 
by NMR, which showed no signal at ca. 4 ppm due to S-H proton and 
presence of NH group. However, band in the 1090-1133 cm'' region were 
assigned to v(CS). Other bands of medium intensity in the 1075-1085 cm"', 
1410-1450 cm'' and 1560-1580 cm"' region were assigned to v(C-C), v(C-N) 
and 5NH respectively. 
The IR spectra of heterobimetalhc complexes are shghtly different from the 
IR spectra of monometalhc dithiocarbamates. A new band in the region of 
2914-2949 cm"' is observed due to coordination of NH group with Mo(CO)4. 
The far IR spectrum shows absorption in the 3 5 0-3 60cm"' ranges due to 
v(M-S) stretching frequencies. Other v(NH) bands appear in the same range. 
The v(M-S), v(Mo-N) and v(Mo-CO) stretching frequencies are observed in 
340-345 cm''^^'\ 418-437 cm'' and 480-485 cm"'^ '^ *^ ^ ranges confinnmg the 
coordination of metal carbonyl to dithiocarbamate group through N-S site. 
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Electronic Spectra and Magnetic Moment 
Electronic spectra, magnetic moment values and EPR parameters for 
heterobimetallic complexes are given in Table 17. 
The absorption bands observed in the 32000-33000 cm'' range are attributed 
to MLCT transitions of metallated hexadecylamine/octadecylamine 
dithiocarbamate and their heterobimetallic complexes. The spectra of 
[Cu(Hda-dtc)2]/[Cu(Oda-dtc)2]/their heterobimetallic complexes in DMF 
show absorption bands at 17240-17450 cm"' and 16129-16250 cm"', 
assigned to B2g< Big and Aig< Big transitions respectively, which 
are characteristic of square planar geometry/'™^ The magnetic moment 
values for Cu^ dithiocarbamate and their heterobimetallic complexes lie in 
the range of 1.76-1.88 B.M. 
The Ni hexadecylamine/octadecylamine dithiocarbamates and their hetero-
bimetallic complexes are diamagnetic in nature. The spectra of the 
complexes exhibits three bands in the range of 18500-18700 cm"', 20700-
20810 cm"' and 26500-26920 cm"' assigned to 'A2g< 'Aig, 'B|g< 'A|g 
and Eig< Aig transitions respectively. The first two bands are of low 
intensity and are purely d-d transitions. These results show a square planar 
configuration for Ni" complexes. 
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The electronic spectrum of Co° hexadecylamine/octadecylamine dithiocarb-
amates and their heterobimetalhc complexes display two bands in the 
1 7 7 
vicinity of 16230 and 21260 cm' which may be assigned to B2g< Aig 
and E^2g< ^Aig transitions respectively, showing square planar 
configuration around Co" ion. The magnetic moment value for Cobalt(Il) 
dithiocarbamates and their heterobimetalhc complexes are in the range of 
2.16-2.20 B.M. 
NMR Spectra 
The spectral data which supports square planar geometry is further 
evidenced by 'H and '"^ C NMR resonance of [Ni(Hda-dtc)2]/[Ni(Oda-dtc)2] 
and their corresponding molybdenum carbonyl derivatives. 
The broad signal due to NH proton at 510.23 in ligands [Ni(Hda-
dtc)2]/[Ni(Oda-dtc)2] undergo deshielding and appear at 510.42 after 
Mo(CO)6 interaction, showing the coordination to molybdenum by 
replacement of carbonyl group. The methyl proton signals (CH3-) appearing 
at 51.90-2.15 in Ni° dithiocarbamates also undergo deshielding after 
bimetallic complexation and appear in the range of 51.88-2.50. The 
spectrum of Ni° dithiocarbamates show (-CH2-)n signal as singlets at 53.41 
while bimetallic complexes show singlet and triplet of (-CH2-)n groups at 
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63.22 and 53.23-3.31, indicating that these protons are in different 
environment confirming bimolecular complexation. 
^^ C NMR spectral studies show four additional resonances at 5229.5, 6230.9, 
6232.5 and 6233.1 respectively, in the region of carbonyl carbon atoms 
indicating a static conformation about the molybdenum center. Other signals 
are in the same range as the results reported earlier. 
Kinetics 
The effect of varying metal dithiocarbamate [Ni(Hda-dtc)2] concentration 
(1.0x10'-6.Ox 10'^ ) on the reaction rate was studied at fixed metal carbonyl 
[M(C0)6] c=1.0xlO"^ mol dm'' at 35±0l" C (Fig. 21). 
The first order plot of log absorbance verses time was linear upto 80% 
completion of the reaction (Fig. 22). The rate constant (Kobs) are shown 
graphically which clearly indicates the first order kinetics with respect to 
metal dithiocarbamate [Ni(Hda-dtc)2]. On the basis of Scheme VII the 
following rate law has been derived 
_K^K,[Ni(Hda-dtc),] 
^ ' ' ' ' ' - — ( K T T K ; ) — ^^^ 
According to equation (1) plot of K^ obs) verses [Ni(Hda-dtc)2] should be 
linear with slope=KiK2/(Ki+K2), if the proposed mechanism is correct. The 
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linearity obtained from the plot K(obs) verses [Ni(Hda-dtc)2] in Fig. 23 is 
consistent with the proposed mechanism. 
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